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GASEOUS    FUEL: 

ITS  PRODUCTION  AND  APPLICATION. 

THE  SMOKE  POLLUTION  OF  THE  ATMOSPHERE. 

ALTHOUGH  the  mighty  prime  mover,  steam,  in  its  wonderful 
applications,  lias  been  of  incalculable  value  in  adding  to 
the  well-being  and  happiness  of  man,  the  black  pall  of 
smoke  that  usually  accompanies  our  industrial  occupations 
has  desecrated  and  destroyed,  in  too  many  instances,  the 
beautiful  work  of  God,  who  never  intended  that  grimy 
walls,  streets,  and  lanes,  and  a  smoke-infested  sky,  should 
be  the  accompaniment  of  our  lives.  But  He  has  given  us 
— if  we  only  cherished  and  preserved  the  gift — the  flowers, 
the  blue  sky  qf  heaven,  the  eye-refreshing  green  of  the 
fields,  and  the  life-endowing  and  recuperative  beams  of 
the  solar  light. 

What  though  our  art  culture  and  refined  civilization 
prompts  and  executes  dreams  of  loveliness  in  stone,  if  the 
sombre,  depressing,  and  pall-like  hue  of  smoke  hides  the 
lines  of  beauty  in  pilaster  and  fluted  column. 

What  are  our  hives  of  industry  but  blots  of  unloveliness 
on  England's  fair  landscape  ?  To  England  Nature  has 
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indeed  been  bountiful.  Besides  the  pastoral  scenery,  if 
undefiled,  of  unsurpassing  charm,  there  is  below  the  surface 
the  results  of  actual  organic  vegetable  life,  in  the  form  of 
coal,  oil,  and  gas,  of  former  periods  of  the  earth's  history. 
If  these  fuel  resources  were  properly  consumed,  they  would 
not  only  be  free  from  the  black  and  objectionable  smoke, 
but  they  would,  in  the  condition  of  carbon  dioxide,  be 
absorbed  by  the  plant  and  vegetable  life,  and  be  returned 
to  us  either  as  solid  food  or  as  a  useful  structural  agent  in 
the  condition  as  timber,  wood,  or  bark. 

The  black  smoke  or  carbon,  in  finely  divided  condition, 
and  the  gaseous  carbon  monoxide,  also  the  result  of  the 
imperfect  combustion  or  oxidation  of  coal,  is  not  absorbed 
by  the  plants,  so  that  the  result  of  imperfect  methods  of 
fuel  combustion  is  an  incalculable  evil,  blackening  our 
livelong  days  and  depriving  the  animal  and  vegetable  world 
of  sustenance.* 

*  Have  fogs  any  perceptible  effect  upon  the  rate  of  mortality  ? 
There  is  no  doubt  that  continued,  dense,  smoke  fogs  influence  very 
decidedly  the  rate  of  mortality.  Mr.  E.  Hart  stated  before  the  Select 
Committee  of  the  House  of  Lords  on  Smoke  Abatement  and  Prevention, 
that  sat  in  1887,  that  in  a  fortnight  of  heavy  fog  which  occurred  in 
London  in  1886  the  mortality  rose  to  40  per  1000,  a  rate  equal  to  that 
of  the  great  cholera  year.  In  1880,  the  last  few  days  of  January  and 
the  first  few  of  February  were  signalized  by  a  particularly  dense  fog, 
and  during  the  week  it  lasted  the  number  of  deaths  was  2000  above  the 
average.  A  glance  at  the  Registrar- General's  returns  for  1873  show 
very  plainly  the  influence  that  foggy  weather  has  upon  the  death-rate. 
From  the  8th  to  the  I2th  of  December  in  that  year  an  extremely 
dense  fog  prevailed  over  London.  The  mortality  in  the  metropolis 
for  the  week  ending  December  6  was  23  persons  per  1000;  in  the 
week  following,  during  which  the  fog  occurred,  the  rate  rose  to  27 
per  1000 ;  and  in  the  week  after  that,  when  its  full  effects  could  be 
estimated,  the  deaths  were  found  to  number  38  in  the  1000.  In  the 
same  three  weeks  the  deaths  from  consumption  and  diseases  of  the 
respiratory  organs  were  respectively  520,  764,  and  1112.  This  fog 
occurred  during  the  Cattle  Show  week,  and  killed  a  great  many  valu- 
able animals  that  had  been  sent  for  exhibition. 
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Nature,  in  her  accumulations  of  carbon  and  hydro- 
carbons in  the  form  of  coal,  oil,  &c.,  has  enabled  our 
people  to  be  fed  with  food  from  other  far  off  climes.  In 
every  way  this  wonderful  gift  of  Nature  to  man  might  be 
of  advantage  to  his  well-being  ;  but,  from  our  neglect  or 
ignorance  of  simple  scientific  facts,  these  fuel  treasures 
have  been  so  imperfectly  utilized  as  to  neutralize  their  life- 
sustaining  values,  surrounding  our  lives  with  the  gloom  of 
artificial  clouds,  and  subjecting  it  to  a  smoke-laden  atmo- 
sphere which  hardly  permits  the  passage  of  the  invigorating 
rays  of  the  sun. 

Science  is  never  more  beneficial  than  when  its  action 
brings  the  agents  and  processes  involved  in  industry  into 
harmony  with  the  natural  laws.  And  if  by  scientific 
applications  we  can  remove  the  stigma  at  present  attached 
to  the  use  of  our  carbonaceous  treasures,  our  land  and 
people  would  be  relieved  from  a  great  evil  that  overshadows 
all  others  in  its  production  of  misery,  ay,  and  of  death, 
and  our  industrial  centres  would  then  be  as  bright  as 
unsullied  day. 

Before  the  introduction  of  coal,  in  the  time  of  Edward  I., 
wood  and  charcoal  formed  the  combustible  and  heat-giving 
agent,  both  of  which,  from  their  chemical  constitution,  are 
not  so  difficult  to  completely  and  smokelessly  consume. 
The  introduction  of  coal  brought  with  it  the  difficulty  of 
•effective  combustion,  for,  although  the  artificers  of  London 
recognized  its  high  heat  value,  the  smoke  produced  was 
soon  followed  by  an  urgent  protest,  as  our  ancestors  loved 
pure  air.  Edward  I.  gave  effect  to  the  protest  in  1 307  by 
prohibiting  the  use  of  sea  coal. 

COMBUSTION   OF  FUEL. 

The  combustion  of  fuel  is  essentially  a  process  of 
oxidation.  The  principal  agents,  carbon  and  hydrogen, 
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constituting  the  combustible  elements  of  fuel,  are  both 
oxidized. 

To  perfectly  effect  this  chemical  action  of  oxidation  the 
best  conditions  are  those  in  which  both  the  agents  are  in 
a  gaseous  condition,  so  that  not  only  can  the  equivalent 
volumes  of  the  two  agents  be  brought  together,  but  the 
gaseous  condition  allows  the  perfect  admixture  of  the  two 
agents.  If  one  agent,  say  coal,  is  solid  and  the  other  is 
gas  or  air,  they  cannot,  from  physical  causes,  be  brought 
into  proper  and  equivalent  contact  except  there  is  an 
enormous  excess  of  the  oxygen  agent,  air,  over  that  really 
or  equivalently  necessary. 

So  perfect  and  colourless  is  combustion  when  effected 
under  conditions  that  ensure  a  perfect  volumetric  admixture 
of  the  two  agents  in  similar  gaseous  condition,  that  the 
resultant  products  of  combustion  are  colourless,  and  it  may 
be  flameless,  a  fact  first  demonstrated  by  the  masterly 
series  of  experiments  initiated  by  one  of  our  illustrious 
dead,  Sir  Humphrey  Davy.  This  nameless  and  colourless 
or  invisible  combustion  is  instanced  in  the  incandescent 
gas  lights,  such  as  the  Welsbach  and  Clamond,  and 
partially  so  by  the  burner  we  owe  to  that  great  heat 
experimentalist,  Baron  Bunsen.  Whether  combustion 
is  flameless  or  not,  given  that  it  is  perfect,  the  sum 
of  the  heat  units  evolved  is  the  same.  In  the  instance 
of  the  colourless  or  invisible  combustion,  the  oxidation 
of  the  combustible  is  effected  instanter,  or  at  a  periodic 
rate  too  great  to  leave  a  sensible  impression  on  the  optic 
nerve. 

The  oxidation  of  hydrogen  with  carbon,  if  effected  more 
slowly,  permits  the  eye  to  observe  the  incandescence  of  the 
carbon  particles  or  atoms  as  they  escape  from  the  zone  of 
the  oxidation  of  the  hydrogen  prior  to  their  oxidation  to> 
C02,  a  colourless  gas. 
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The  phenomena  of  oxidation  of  the  ordinary  combustible- 
may  be  expressed  as  follows  :— 

The  hydrogen  having  a  greater  affinity  for  the  oxygen 
than  has  the  carbon,  it  is  first  oxidized  to  water  vapour,. 
thusH24-0  =  H20. 

The  heat  resulting  from  this  oxidation  by  the  hydrogen 
raises  the  carbon,  which  separates  from  combination  with 
the  hydrogen,  into  a  condition  or  temperature  of  incan- 
descence. In  this  condition  the  remaining  oxygen  combines 
with  the  carbon  to  form  one  of  two  compound  gases.  If 
there  is  sufficient  oxygen  the  result  will  be  carbonic  acid, 
or  carbon  dioxide  ;  if  there  is  an  insufficient  volume  of 
oxygen  the  carbon  will  be  oxidized  to  carbonic  oxide  or 
carbon  monoxide  (CO).  The  respective  reactions  are  as 
follows:  C  +  O3  =  C02andC-fO==CO. 

If  the  carbon,  when  separating  from  the  hydrogen  011 
the  oxidation  of  the  latter,  is  allowed  to  cool  below  a 
temperature  of  visible  incandescence,  the  oxygen  cannot 
combine  to  oxidize  the  solid  carbon  atoms  to  C02,  and  the 
carbon  atoms  are  consequently  deposited  as  soot  or  smoke*. 

The  oxygen  of  the  atmosphere  is  enveloped  or  accom- 
panied with  a  volume  of  a  diluent  and  inert  gas  nitrogen. 
This  gas  moderates  the  intense  energy,  or  vis  viva,  of  the- 
oxygen  molecules ;  but  for  this  gas,  all  forms  of  animal  and 
vegetable  life  would  be  so  enormously  accelerated  that  the- 
dynamic  elements  or  structures  of  both  forms  of  life  would 
be  soon  worn  out,  and  life  would  become  extinct  from  super 
or  excessive  action. 

This  diluent  gas,  nitrogen,  plays  an  important  part  in  the 
action  of  oxidation  or  combustion,  and  is  no  unimportant 
factor  in  the  difficulty  in  obtaining  any  approach  to  proper 
combustion  of  fuel  in  a  solid  condition.  Assuming  the  fuel 
is  in  a  solid  condition,  the  lumps  of  coal  simply  allow  the 
air  to  pass  through  their  interstices,  the  lower  or  sub-layer- 


12      .  GASEOUS  FUEL. 

of  fuel  being  in  flame.  The  carbonic  oxide  due  to  partial 
combustion,  along  with  the  water  vapour  due  to  the 
•oxidation  of  hydrogen  and  the  inert  gas  nitrogen,  flow 
through  the  interstices  of  the  fuel  along  with  the  volume  of 
-air  intended  to  oxidize  the  superincumbent  layers  of  fuel. 
The  result  is,  that  the  incombustible  gases  and  nitrogen 
prevent  the  contact  of  the  oxygen  of  the  air  with  all  the 
•carbon,  the  hydrogen  attracting  what  oxygen  there  is 
-available.  The  carbon  excluded  or  separated,  is  either 
only  partially  oxidized  to  the  colourless  carbonic  oxide,  or 
is  unoxidised  and  flows  to  the  chimney  in  a  solid  but 
finely  divided  condition,  as  smoke,  along  with  the 
nitrogen,  watery  vapour,  and  carbonic  acid,  or  carbon 
•dioxide  (C02). 

Although  with  an  excess  of  air  it  is  possible,  when  coke 
or  anthracite  is  used  in  a  solid  condition,  to  produce  a 
•combustion  that  shall  have  colourless  products  ;  when  coal 
is  used  the  conditions  are  entirely  changed.  Coal  contains 
•varying  percentages  of  rich  hydro-carbons  that  are  highly 
•volatile,  and  at  a  temperature  of  from,  say,  500  to  900  degrees 
Fahr.,  these  hydro-carbon  constituents  are  volatilized.  Now, 
when  a  new  supply  of  coal  is  added  to  the  fuel  in  an 
incandescent  condition,  the  temperature  of  volatilization  is 
•almost  immediately  attained,  and  the  rich  hydro-carbon 
. gases  are  evolved,  and,  although  there  may  be  sufficient  air 
to  more  or  less  completely  oxidize  the  coal  if  freed  from  its 
rich  hydro-carbons,  nevertheless  the  supply  is  inadequate 
to  oxidize  these  rich  hydro-carbon  gases,  that  constitute, 
in  their  ensemble,  the  ordinary  coal  gas. 

Hence,  each  time  the  fresh  fuel  is  charged,  these  rich 
•and  powerfully  thermic  gases  escape  to  the  chimney  more 
or  less  incompletely  oxidized  or  burnt. 

Another  disadvantage  in  solid  fuel  firing  is  the  fact  that 
if  the  slack  coal  is  very  small  or  dusty  it  is  liable  to  be 


A  NATIONAL    WASTE.  13. 

carried  forward  into  the  chimney  flues.  The  method 
usually  adopted  to  prevent  this  is  to  damp  the  dust  slack, 
but  the  application  of  wet  fuel  involves  the  loss  of  heat  due 
to  the  water  which  has  to  be  evaporated,  and  represents  so- 
many  heat  units  entirely  lost. 

As  if  to  reproach  us  for  a  flagrant  and  inexcusable  abuse- 
of  the  wealth  of  solid  fuel  we  possess,  Nature  has  provided 
us  with  a  wonderful  example  of  the  advantages  of  perfect 
fuel  combustion  by  supplying  vast  subterraneous  stores  of 
natural  gas. 

This  natural  gas  has,  in  the  instance  of  its  discovery 
and  application  in  Pennsylvania,  transformed  a  black  and 
smoky  region  of  manufacturing  industry,  into  one  almost 
as  pure  as  that  accompanying  rural  pursuits.  This  natural 
gas  will  be  referred  to  more  fully  further  on.  We  will 
now  endeavour  to  ascertain  some  idea  of  the  national 
financial  loss  by  our  wasteful  methods  of  use  of  the 
national  carbonaceous  treasures. 


A   NATIONAL   WASTE. 

If  we  take  the  average  annual  coal  consumption  of  the 
United  Kingdom  between  the  years  1850  and  1890  at 
75  millions  of  tons,  and  assume  an  actual  calorific  efficiency 
of  50  per  cent,  to  have  been  obtained — and  this  figure  is- 
much  above  the  mark — the  net  loss  in  the  forty  years  will 
be  1400  millions  of  tons.  If  the  value  of  the  coals  is  taken 
at  55.  per  ton,  the  net  loss  to  the  country  will  attain  the 
colossal  figure  of  350  million  pounds  sterling,'  or  nearly 
half  the  National  Debt. 

If  the  figures  relating  to  the  period  of  exhaustion  of  our 
coalfields  by  Mr.  Price  Williams  are  to  be  taken  au  serieux, 
we  are  within  a  living  periodic  distance  when  coal  by  its 
scarcity  will — when,  perhaps,  too  late — force  users  to 
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•employ  means  of  utilization  that  shall  give  them  a  near 
approach  to  the  full  thermic  value  of  the  fuel  they  use.  It 
behoves  us,  therefore,  from  every  reason,  financial,  hygienic, 
and  patriotic,  to  at  once  apply  ourselves  to  the  work  of 
popularizing  means  of  effecting  fuel  economy  in  our 
industries  and  our  homes.  . 

NATURAL   GAS. 

In  the  Aspheron  Peninsula,  known  to  fame  as  the  Land 
•of  Eternal  Fire,*  gaseous  fuel  has  issued  from  the  earth  in 
powerful  streams,  which  have  burnt  and  illumined  the 
country  for  unknown  centuries,  and  have,  up  to  quite  a 
recent  date,  been  worshipped  with  reverence  by  a  curious 
sect  known  as  the  Fire  Worshippers,  whose  priests  have 
watched  through  night  and  day  unceasingly  these  wonderful 
streams  of  fire.  The  Chinese,  pioneers  in  many  of  the  arts 
.and  industries,  have,  as  far  back  as  3000  years  ago,  con- 
veyed the  natural  gas  found  in  their  salt  mines  to  the 
surface  by  means  of  bamboo  canes,  and  utilized  the  fuel  for 
evaporating  the  salt  brine.  In  the  year  1658  a  communi- 
cation to  the  Royal  Society  by  Mr.  Shirley  described  some 
experiments  with  natural  gas  that  issued  from  a  well  near 
Wigan,  and  in  1733  Sir  James  Lowther  communicated  to 
the  same  society  particulars  of  a  discovery  of  natural  gas 
issuing  from  his  coalpits  at  Whitehaven.  This  gas  was 
•conveyed  by  pipes  to  the  surface,  and  it  burnt  vigorously 
with  a  flame  six  feet  high,  and  continued  to  do  so 
without  intermission  for  two  years.  I  suggested  some 
two  years  ago  in  Engineering,  that  as  this  gas  was  the 
dangerous  marsh  gas,  if  coalfields  were  drilled  to  a 
sufficient  depth  at  various  and  well-distributed  locations, 
this  deadly  gas  might  be  drawn  from  the  substrata  and 


*   Vide  "  Baku  :  The  Petrolia  of  Europe,"  by  Charles  Marvin, 
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utilized,  and  thus  remove  the  source  of  danger  to  the  coal 
workers,  and  in  a  manner  that  might  give  a  good  return 
for  the  expenditure.  This  proposition  has  been  carried  out 
at  the  Hebburn  Colliery,  near  Newcastle.  A  blower  found 
in  the  workings  has  been  utilized  by  connecting  the  source 
of  gas  exudation  with  the  surface  by  means  of  six-inch 
pipes,  and  the  gas  has  been  utilized  for  firing  steam  boilers 
with  great  success,  and  a  considerable  saving,  stated  to  be 
^3000  per  annum,  has  been  realized.  Possibly  this  gas  may 
be  derived  from  the  volatile  hydro-carbons  of  the  coal,  which 
may  have  been  driven  off  by  inter-terrestrial  heat,  or  it  may 
be  that,  similar  to  the  Pennsylvania  coalfields,  there  is  a  sub- 
stratum of  oil  rock  and  its  accompanying  strata  of  natural 
gas.  Whatever  the  source,  it  will  be  accepted,  nemine 
contradiccnte,  that  it  would^  be  a  humane  and  probably 
economic  action  on  the  part  of  the  great  colliery  owners  if, 
by  a  series  of  well  drillings,  the  deadly  sting  of  these  black 
hives  of  industry  could  be  extracted. 

Accompanying  the  great  natural  oil  stores  in  Pennsyl- 
vania, natural  gas  has  been  known  to  exist  for  over  a 
century;  indeed,  as  far  back  as  1821,  a  little  village  in  the 
New  York  States  was  lighted  with  natural  gas.  The  oil 
drillers  have  almost  invariably  struck  the  gas  wells  when 
drilling  for  oil. 


THE    CHEMISTRY    OF   NATURAL   GAS. 

It  may  be  asked,  What  are  the  chemical  characteristics 
of  this  natural  gas,  known  by  the  name  of  marsh  gas  or 
deadly  firedamp  ?  Few  miners  will  fail  to  recognize  it.  It 
is  a  light,  carburetted  hydrogen,  one  of  the  gaseous 
paraffmes  or  methane,  its  principal  formula  being  chiefly 
CH4.  The  other  constituents  are  shown  in  the  following 
analysis  by  Dr.  George  Hay  : — 
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VOLUMETRIC   COMPOSITION. 

Light  carburetted  hydrogen  (ma"rsh  gas)  CH4      95*20  per  cent. 
Heavy  hydro-carbons  (olefiant  gas)          .         .       0^50         ,, 
Carbonic  oxide        ......       I'oo         „ 

Hydrogen        .         .         ..        .          .         .         .2*00         ,, 

Oxygen 1*30         ,, 

1 00 '00 

Specific  gravity        .         .         .     0^520 

The  gas  is  quite  dry  as  it  leaves  the  well.  To  form  an 
explosive  mixture,  it  requires  9  volumes  of  air  to  I  of 
natural  gas.  The  value  of  this  natural  gaseous  fuel  com- 
pared with  that  artificially  formed  is  shown  in  the  accom- 
panying tables. 


THE  ORIGIN  OF  NATURAL  GASEOUS  FUEL. 

The  theories  set  forth  by  various  scientists  explanatory 
of  the  origin  and  formation  of  natural  gas  are  very  varied, 
and  this  divergence  demonstrates  the  absurdity  of  deduc- 
tions on  hypothetical  bases. 

No  doubt  the  theory  the  author  holds  to  be  the  most 
reasonable  one  in  explaining  the  formation  of  rock  oil,  or 
petroleum,  is  also  true,  for  natural  gas — ergo,  rock  oil — is 
the  result  of  the  action  of  sea  water  on  organic  marine, 
animal,  and  vegetable  life,  that  has,  by  volcanic  and  erup- 
tive agencies,  been  upheaved,  the  sand  of  the  oceanic  beds 
forming,  in  their  new  position,  storage  spaces  for  the  sea 
water  and  vegetable  and  animal  accumulations.  The  salt 
has  been  deposited  either  in  rock  form  or  become  con- 
densed as  brine. 

The  action  of  inter-terrestrial  heat  has  gradually  de- 
composed the  organic  matter  into  a  hydro-carbon  solution 
of  varying  character,  as  oil,  and  the  more  volatile  gases, 
being,  by  the  influence  of  heat,  separated  in  a  gaseous 
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condition  as  natural  gas,  which,  owing  to  the  superincum- 
bent and  impermeable  strata,  has  not  been  able  to  escape, 
but  has  been  compressed  in  many  instances  to  one-fortieth 
of  its  volume  at  atmospheric  pressure. 

All  the  oil  rocks  are  of  a  sedimentary  character,  and 
many  thousand  feet  in  thickness,  but  divided  into  varying 
strata  by  impermeable  shale  strata.  Salt  deposits  gene- 
rally accompany  oil-storing  rocks. 

Occasionally  the  immense  compression  of  the  natural 
gas  forces  it  into  neighbouring  and  surrounding  strata  for 
miles,  but  the  latter  stores  are,  as  a  rule,  very  shallow. 

The  geographic  location  of  the  oil  and  natural  gas  fields 
can  hardly  be  defined.  Stores  of  both  oil  and  gas  are 
found  accompanying  the  salt  deposits  of  China,  Burmab, 
the  Caucasus,  Roumania,  Pennsylvania,  Western  Ohio, 
Central  Indiana,  Venezuela,  and  Canada ;  and  I  am 
strongly  of  opinion  that  the  British  and  European  salt- 
fields  are  no  exception  to  the  rule,  and,  had  we  the  enter- 
prising spirit  of  the  Americans,  prospectors  would  have 
drilled  for  oil  and  gas  beneath  the  saltfields  of  Cheshire 
and  the  Cleveland  district  and  those  of  Ireland.  The  salt 
strata  are  rarely  at  a  greater  depth  than  500  feet,  whereas 
the  normal  depth  of  the  gas  strata  is  about  2000  feet. 

METHOD   OF   DRILLING   A   NATURAL   GAS   WELL. 

The  site  for  the  test  well  having  been  located,  a  lofty 
pyramidical  wooden  structure  is  erected  some  72  feet  high, 
and  with  a  base  measurement  of  20  feet  and  a  summit 
measurement  of  3  feet. 

The  well  is  generally  six  inches  in  diameter,  and  is 
drilled  by  falling  chisel-shaped  steel  tools  suspended  from 
a  cable,  which  is  raised  by  a  steam  winch ;  the  tools  are 
allowed  to  fall  into  the  well  from  the  height  of  four  or  five 
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feet,  the  driller  turning  the  drill  as  it  falls,  so  that  the 
hole  is  made  circular ;  the  drill  and  attached  jars  are  made 
sufficiently  heavy — about  ij  to  2f  tons — to  pierce  the 
hardest  rocks.  The  work  of  drilling,  once  started,  is  pro- 
ceeded with  night  and  day  until  the  gas  is  struck. 

Modern  wells  are  lined  in  such  a  way  that  the  gas 
can  either  be  stored  or  drawn  off  for  distribution  at  any 
time. 

In  the  wells  near  Pittsburgh  the  drilling  depth  is  about 
1500  to  1800  feet;  but  in  shallow  and  soon  exhausted 
wells  gas  has  been  met  with  at  a  depth  of  500  feet. 

The  cost  of  drilling  a  gas  well  varies  according  to  the 
depth,  from  £700  to  £1200. 

One  of  the  wells  in  Ohio  evolves  nearly  thirteen  million 
cubic  feet  per  diem  of  24  hours,  at  an  initial  pressure  of 
500  Ibs.  to  the  square  inch.  This  pressure  is  reduced  by 
specially  designed  regulators  to  a  more  safely  workable 
limit.  The  gas  evolved  from  this  typical  well  per  diem 
is  thermically  equivalent  to  400  tons  of  coal.  The  an- 
nual production  of  natural  gas  in  Western  Pennsylvania 
is  estimated  to  reach  two  hundred  and  forty  thousands  of 
millions  of  cubic  feet,  having  a  thermic  value  equivalent 
to  10,000,000  tons  of  coal. 

In  the  Pittsburgh  district  there  are  six  important 
Natural  Gas  companies,  having  a  total  of  107  wells,  of 
which  the  Philadelphia  Company  owns  68,  and  from  wliich 
it  is  estimated  they  delivered  in  1886  no  less  than  sixty 
thousand  millions  of  cubic  feet.  Taking  1000  cubic  feet 
as  equivalent  to  8i|-|  Ibs.  of  coal,  the  heat  value  in  weight 
of  coals  would  be  2,500,000. 

The  total  capital  invested  in  natural  gas  undertakings 
in  the  United  States  is  estimated  at  ;£  10,000,000,  a  figure 
that  may  be  justly  described  as  a  splendid  monument  to 
the  enterprise  of  our  Transatlantic  cousins. 
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DISTRIBUTION    AND   TRANSPORTATION. 

At  the  end  of  1886  it  was  estimated  that  2300  miles 
of  main  distributing  pipes  had  been  laid.  In  Pittsburgh 
alone  there  was,  at  the  date  mentioned,  some  500  miles 
of  pipes,  varying  from  30  to  40  inches  in  diameter ; 
wrought  iron  pipes  being  used  for  sizes  up  to  1 6-inch,  and 
•cast  iron  pipes  for  the  larger  diameters. 

In  the  pioneer  installations  the  leakage  of  the  gas  could 
not  be  prevented,  owing  to  the  enormous  initial  pressure, 
but  by  well-designed  reducing  pressure  regulators  the 
difficulty  has  been  surmounted.  The  high  initial  pressure 
of  the  gas  has  the  great  advantage  of  allowing  distribution 
to  be  effected  over  great  distances,  in  some  instances  over 
60  miles. 

APPLICATION   OF  NATURAL   GAS. 

Natural  gas  is  utilized  for  almost  every  conceivable 
Industry  requiring  the  application  of  heat — glass-works, 
iron  and  steel  works,  oil  stills,  salt  pans,  brick  kilns,  and 
drying  floors,  raising  steam,  horticulture,  and  floriculture. 
It  is  only  some  four  or  five  years  since  it  was  introduced  to 
Pittsburgh  in  supplies  of  any  importance,  but  to-day,  in 
the  words  of  Mr.  Weeks,  of  Pittsburgh,  than  whom  there 
is  no  one  more  interested  or  better  versed  in  this  wonderful 
agent,  "  it  cooks  the  food  of  thirty  thousand  families ; 
warms  as  many  houses  ;  it  puddles  the  iron  and  rolls  the 
steel ;  it  melts  the  glass ;  it  burns  the  pottery ;  it  drills 
the  wells,  and  pumps  the  oil,  and  refines  it ;  it  furnishes 
carbon  for  ink,  for  paint,  and  for  electric  lamps ;  it  raises 
the  steam  in  many  industrial  works  ;  in  a  word,  it  is  the 
fuel  for  domestic  purposes,  and  for  use  in  the  arts  whenever 
it  can  be  obtained  ;  and  so  much  superior,  that  cities  with 
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coal  at  their  very  doors  pipe  the  gas  sixty  or  seventy  miles 
for  use  in  their  houses  and  workshops."  The  experience  of 
users  of  natural  gaseous  fuel  has  shown  that  the  absolute 
control  of  the  supply  (although  the  chemical  quality 
varies)  of  the  gas  allowed  the  staple  industries  to  be 
produced  with  greater  perfection,  uniformity,  and  with 
reduced  cost  in  fuel  and  labour.  Steam  with  an  even 
pressure  could  easily  be  maintained,  and  in  warming  houses 
and  for  floriculture  and  horticulture  any  required  tempera- 
ture is  attainable. 

It  has  promoted  health  and  happiness  and  made  clean- 
liness possible  in  the  household.  The  lesson  impressed 
on  every  user  of  natural  gas  leaves  no  doubt  in  his  mind 
that  gaseous  fuel  is  immeasurably  superior  to  the  solid 
form.  An  American  authority  states  that,  as  the  feasibility 
of  successfully  manufacturing  gaseous  fuel  is  already  an 
established  fact,  and  its  advantages  are  so  great  compared 
with  coal,  surely  its  manufacture  should  proceed  at  once 
in  every  locality  where  natural  gas  cannot  be  found  in 
abundance. 

Pittsburgh  and  Alleghany  are  incontestable  examples- 
of  the  wonderful  metamorphosis  on  the  atmosphere  and 
general  cleanliness  of  towns. 

In  wintry  nights,  when  the  aqueous  vapour  of  the 
atmosphere  is  frozen,  the  region  of  the  oil  wells  occasionally 
presents  a  most  remarkable  phenomenon.  The  reflection 
by  the  particles  of  ice  suspended  in  the  atmosphere  of  the 
roarers  from  the  natural  gas  wells  appear  in  meteor-like 
streaks  of  light  of  marvellous  beauty. 

FUEL    CALORIMETRY. 

/ 

The  extraordinary  fuel  resources  of  this  country  and  the 
comparative  cheapness  of  coal  have  been  responsible  for  the 
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treatment  of  the  fuel  value  of  different  costs  as  a  factor  of 
no  importance. 

Investigation  will,  however,  show  that  a  knowledge  of 
the  thermic  or  heat  value  of  a  fuel  is  of  the  highest 
importance,  and  can  be  accurately  measured  by  a  simple 
process  without  any  scientific  skill. 

Lavoisier,  the  brilliant  French  savant,  may  be  said  to 
have  designed  the  first  reliable  instrument  for  the  measure- 
ment of  the  heat  value  of  fuel. 

Favre  and  Silbermann,  Berthelot  and  Lewis  Thomson 
have  designed  calorimeters  of  varying  degrees  of  efficiency, 
but  one  of  the  best  instruments  for  practical  use,  now  that 
l)y  the  Brin  process  oxygen  can  be  cheaply  and  conveniently 
obtained,  is  that  designed  by  my  friend,  Mr.  William 
Thompson.  F.R.S.Ed.,  of  Manchester.  By  means  of  this 
instrument  any  steam  user  can  ascertain  the  exact  heat 
value  of  the  fuel  he  proposes  to  contract  for,  and  the  test 
would  be  unerring  in  its  reliability  for  all  practical  purposes. 
The  coal  giving  the  greatest  number  of  heat  units  per  unit 
of  value  being  chosen,  the  next  desideratum  is  the  proper 
means  of  utilizing  this  fuel,  and  from  the  arguments 
already  advanced  I  think  it  will  be  clearly  seen  that  the 
only  way  to  properly  use  the  solid  coal  is  to  imitate 
Nature  and  convert  the  combustible  fuel  into  a  gaseous 
condition.  This  principle  has  been  acknowledged  to  be 
•tke  carrect  one  by  the  greatest  scientists. 

THE   HISTORIC    DEVELOPMENT    OF   THE   PRODUCTION   OF 
GASEOUS   FUEL. 

The  practical  application  of  the  principle  of  the  conver- 
sion of  solid  fuel  into  a  gaseous  condition  was  initiated  by 
one  of  a  group  of  three  men,  whose  united  labours  have 
.had  more  influence  on  the  development  of  civilization  and  in 
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procuring  the  greatest  happiness  for  the  greatest  number 
than  all  the  efforts  of  our  heroes  of  war  and  statecraft.  I 
allude  to  James  Watt  and  his  partner,  that  fine  old  type 
of  the  English  gentleman,  Matthew  Boulton,  and  their 
once  employe,  Willie  Murdoch.  It  may  here  be  stated 
that  these  two  latter  famous  men  of  Soho,  Birmingham^ 
deserve  a  special  recognition  from  the  enlightened  towns- 
men of  that  famous  industrial  centre.  This  might  be 
fittingly  accomplished  by  the  foundation  of  scholarships, 
bearing  the  names  of  Murdoch  and  Boulton,  in  the 
Midland  Institute,  as  well  as  a  memorial  tablet  or  statue- 
in  the  hall  of  that  admirable  institution. 

The  procedure  of  Murdoch's  system  consisted  in  simply 
heating  the  coal  in  a  closed  retort  until  the  temperature  of 
volatilization  of  the  volatile  hydro-carbons  was  attained. 
The  rich  hydro-carbon  gases  burnt  with  a  highly  luminous 
Hame,  and  Murdoch's  gas  system  became  for  an  era  the 
aigent  of  artificial  lighting.  The  coke  or  carbon  is  simply 
withdrawn  from  the  retort,  hence  only  a  part  of  the 
thermic  value  of  the  coal  is  abstracted  by  Murdoch's 
system,  with  the  result  that  the  cost  of  production 
prevented  the  general  extension  of  the  application  of  the 
gas  for  heating  purposes.  About  half  a  century  ago 
Herr  Bischof,  of  Magdeburg,  introduced  an  apparatus  for 
generating  gas  for  fuel  or  heating  purposes.  This  appa- 
ratus was  said  to  have  given  excellent  results,  and  it  is 
surprising  that  the  system  did  not  have  more  extended 
application,  although  there  were  several  systems  of  produc- 
ing gaseous  fuel  at  work  before  1850.  But  the  conversion 
of  solid  fuel,  such  as  coal  or  coke,  into  a  gaseous  condition 
for  heating  purposes  received  an  impetus  from  the  labours 
of  two  members  of  the  remarkable  Siemens  family, 
Frederick  and  Charles  Wilhelm.  The  original  specifica- 
tion of  the  patent  for  the  furnace  in  which  the  great 
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advantages  of  gaseous  fuel  were  more  fully  realizable 
bears  the  name  of  Frederick.  This  furnace  embodies  the 
principle  named  by  the  inventors  as  regeneration,  and  is 
curiously  the  outcome  of  his  brother  Wilhelm's  experi- 
ments in  a  development  of  the  Kev.  R.  Stirling's  famous 
regenerative  engine,  which  was  intended  to  obtain  the 
greatest  possible  thermo-dynamic  efficiency  from  an  engine 
measured  according  to  Sadi  Carnot's  law.  Regeneration, 
or,  by  the  more  correct  definition,  recuperation,  signifies 
that  in  this  Siemens  furnace  the  sensible  heat  of  the 
waste  gases  is  by  a  reversible  cycle,  utilized  to  heat  the 
combustible  gases  and  the  air  for  combustion.  By  this 
means  not  only  is  a  very  much  higher  temperature  attain- 
able, but  also  the  highest  possible  economy. 
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The  practical  development  of  Frederick's  invention  is 
due  to  the  late  Sir  William  Siemens,  who  possessed  the 
rare  characteristic  of  great  business  talents  and  a  cultured 
and  inventive  mind,  and  the  advantages  of  a  thorough 
knowledge  of  thermo-dynamic,  thermo-chemical,  and 
physical  science.  This  masterly  invention  of  the  Siemens 
Brothers  has  revolutionized  the  art  of  manufacturing 
structural  steel  and  glass :  it  has  enabled  the  former 
structural  agent  to  be  produced  by  a  mixture  of  scrap, 
wrought  iron,  and  pig,  or  by  a  mixture  of  iron  oxide  and 
pig  at  a  cost  in  fuel  equal  to  from  9  to  10  cwts.  per  ton  of 
steel  ingots,  whereas  fuel  used  in  the  laborious  puddling 
process,  in  which  solid  fuel  firing  is  employed,  per  ton  of 
wrought  iron  bars  varies  from  2  to  3  tons. 

This  Siemens  gas-fired  recuperative  furnace  allows  the 
highest  temperature  to  be  used  without  producing  a  par- 
ticle of  smoke,  and,  with  the  exception  of  the  white  and 
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almost  colourless  vapour,  there  need  be  no  visible  sign 
that  one  of  our  great  national  pursuits  is  being  carried  on. 


CHEMISTRY  OF  CARBONIC  OXIDE  GASEOUS  FUEL. 

The  gaseous  fuel  required  for  these  furnaces  is  produced 
as  follows  : — 

Large  chambers  of  brickwork,  rectangular  in  plane 
shape  and  placed  side  by  side,  are  erected  with  three 
vertical  sides  and  an  inclined  one,  the  fuel  resting  on  the 
latter,  and  into  which  it  is  charged  by  special  feeding 
hoppers,  arranged  so  as  to  prevent  the  escape  of  the  gases 
during  the  feeding  of  the  fuel. 

The  chemical  action  of  gasification  is  in  this  gas  gene- 
rator as  follows  : — 

The  air,  either  blown  or  flowing  by  natural  draught 
through  the  lowest  layers  of  fuel,  ignites  them,  and  main- 
tains an  active  combustion  ;  the  resulting  carbon  dioxide, 
in  ascending  through  the  superincumbent  fuel,  is  converted 
into  carbonmonoxide  by  the  reaction  C02  +  C  =  200.  This 
latter  gas,  or  carbonmonoxide,  along  with  the  volatile 
hydro-carbons  distilled  from  the  upper  fuel  layers,  ascends 
the  vertical  uptake,  rising  some  twelve  feet  above  the 
ground,  passes  for  a  short  distance  along  a  horizontal 
tube,  in  which  the  gases  are  condensed,  and  the  tar  is 
deposited.  The  cooled  gases  descend  the  downtake  to 
the  distributing  flues,  through  which  the  gas  flows  to  the 
furnace. 

Although  the  furnace  has  a  high  thermic  efficiency, 
and  satisfies  most  requirements,  this  character  cannot  be 
given  to  the  gas  generator.  This  apparatus  is  clumsy, 
and  occupies  far  too  much  space  for  the  volume  of  gas  it 
produces,  and  requires  too  much  laborious  work  in  its 
management.  It  is  obvious  that,  as  the  gas  leaves  the 


CHEMISTRY  OF  GASEOUS  FUEL.  25 

generator  at  a  temperature  varying  from  500  to  900  deg. 
Fahr.,  this  sensible  heat  is  lost  by  the  gas  in  passing 
through  the  overhead  tubes.  Moreover,  the  condensation 
of  the  volatile  gases  in  tar  form  is  a  double  evil ;  it  clogs 
and  arrests  the  passage  of  the  gas,  and  involves  cleaning 
operations,  and  also  reduces  the  thermic  or  heat  value  of 
the  gas  ;  and,  although  the  apparatus  has  done  good  service, 
it  may,  I  think,  be  considered  in  the  light  of  a  pioneer 
but  obsolete  arrangement.  The  type  of  gas-producing  or 
generating  apparatus  now  usually  employed  is  a  decided 
improvement  on  the  old  Siemens  type.  For  the  most 
modern  form  the  gaseous  fuel  generating  apparatus  is 
either  cylindrical  or  cupola  shaped,  and  is  enclosed  in  a 
sheet  iron  casing. 

The  air  is  injected  into  the  fuel  by  means  of  a  steam  jet 
injector.  The  steam  jet  aspires  or  induces,  and  then  forces 
the  air  forward  into  the  fuel  direct  by  means  of  special 
shaped  tuyeres,  or  under  fire  bars,  that,  by  the  action  of 
the  steam  and  air,  are  kept  cool. 

The  steam  and  air  ascending  through  the  mass  of  fuej 
(piled  up  on  the  solid  hearth  or  on  the  fire  grate,  as  the 
case  may  be)  converts  the  fuel  into  a  gaseous  condition. 

The  volatile  hydro-carbons  distilled  from  the  upper 
layers  of  the  fuel  in  well-devised  gas  generators  are  com- 
pelled to  flow  through  the  hottest  part  of  the  fuel,  and  in 
their  contact  with  the  incandescent  carbon  the  rich  gases 
are  rendered  less  condensable  ;  and,  if  the  gaseous  fuel  is 
led  .by  brickwork  flues  immediately  into  the  furnace,  the 
only  loss  of  heat  due  to  conversion  of  fuel  into  a  gaseous 
condition  will  be  that  radiated  from  the  side  of  the  gas- 
generating  vessel. 

In  the  Thwaite  gas  producer  this  radiant  heat  is  utilized 
to  heat  the  air  required  for  generating  the  gaseous  fuel, 
and  where  the  gaseous  fuel  is  intended  for  generating 


26  GASEOUS  FUEL. 

steam  the  side  heat  radiation  from  the  gas  producer  may 
be  utilized  for  heating  the  feed  water. 

If  the  flues  for  conveying  the  gaseous  fuel  are  not  too* 
long,  the  loss  of  sensible  heat  of  the  gas  is  insignificant. 
Once  the  gas  has  arrived  at  its  destination,  or  where  it 
is  required  to  be  used,  it  has  the  following  primd  facie 
advantages  over  fuel  in  a  solid  condition  : — 

1.  The  supply  is  entirely  under  control,  arid  can 
therefore  be  turned  on  or  off  instanter. 

2.  The  exact  temperature  required  can  be  attained 
and  maintained  uniformly. 

3.  The  chemical  nature  of  combustion  is  entirely 
under  control ;  it  can  be  made  oxidizing,  deoxidizing^ 
or  reducing  and  neutral  at  will. 

4.  Perfect    and    smokeless    combustion    can    be 
effected  with  very  little  over  the  theoretical  volume 
of  air. 

5.  Entire  prevention  of  smoke. 

6.  Higher  ranges  of  temperature  are  attainable. 

7.  The  furnaces  are  not  subjected  to   such  inter- 
mittent changes  of  temperature,  and  the  walls  of  the 
furnaces  are  more  durable. 

8.  The  flue  plates  of  steam  generators  have  a  far 
longer  life,  and  there  is  a  more  uniform  temperature 
throughout  the  length  of  the  flues,  which  are  not  ex- 
posed to  the  action  of  violent  combustion. 

9.  Steam  raising  is  more  uniform,  and  the  engines 
run  steadier. 

10.  A  commoner  quality  of  fuel  is  available. 

The  one  disadvantage  is  that,  with  gaseous  fuel  firing 
applied  to  ordinary  Lancashire  or  Cornish  boilers,  it  is 
difficult  to  attain  the  evaporation  obtained  with  hand  fired] 
solid  fuel. 
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The  generation  of  heat  and  the  production  of  steam  can 
be  effected  so  uniformly  that  the  pressure  gauges  can  be 
practically  kept  stationary,  and  the  regular  running  of  the 
engines  consequent  on  this  advantage  is  alone  of  consider- 
able importance.  It  may,  however,  again  be  stated  that 
when  gaseous  fuel  replaces  a  hard  fired  boiler,  the  con- 
ditions are  not  at  all  satisfactory  for  obtaining  the  best 
results. 

The  ordinary  carbonmonoxide  gaseous  fuel  produced 
from  coal  other  than  anthracite  is,  however,  not  available 
for  purposes  where  heat  of  concentrated  intensity  is 
required,  or  where  the  gas  is  required  to  pass  through 
small-bore  pipes,  or  for  purposes  where  it  is  required  to  be 
quite  clear  from  tar.  Keferring  to  the  table  of  analyses 
{vide  p.  29),  it  will  be  seen  that  the  carbonmonoxide  gas 
contains,  first,  a  small  proportion  of  the  olefiant  or  volatile 
hydro-carbon  series ;  and,  secondly,  also  a  large  volume  of 
the  inert  gas  nitrogen.  The  first  characteristic  prevents 
the  gas  from  being  used  for  gas-motor  cylinders,  as  the 
particles  of  condensed  hydro-carbons  may  clog  the 
ignition  slides  of  the  cylinder.  The  second  characteristic 
prevents  the  gas  from  being  conveyed  through  small  pipes, 
because  the  large  percentage  of  nitrogen  would  prevent 
continuous  ignition  of  gas  issuing  from  a  small  orifice. 

These  defects  of  carbonmonoxide  gaseous  fuel  do  not 
affect  its  use  in  the  direction  I  have  named,  or  for  general 
furnace  and  steam  raising  work ;  but  for  gas-motor  pur- 
poses, for  gasing  yarns,  singeing,  and  for  domestic  work, 
the  characteristics  named  are  insuperable  objections.  For 
these  purposes,  or  when  a  clean  and  more  highly  combus- 
tible gaseous  fuel  is  required,  other  combustible  agents 
and  cycles  of  operation  are  employed.  The  combustible 
agent  is  of  a  kind  that  does  not  possess  any  of  the  rich 
hydro-carbons,  such  as  anthracite,  principally  found  in 
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South.  Wales.  Anthracite  is  almost  pure  carbon.  If 
nthracite  is  not  attainable,  coke  is  used.  This  latter 
form  of  fuel  is  produced  by  subjecting  coal  to  heat  in  a 
closed  retort,  by  which  the  volatile  or  rich  hydro-carbons 
are  driven  off,  leaving  the  almost  pure  carbon  behind. 

Either  anthracite  or  coke,  if  employed  in  the  carbon- 
monoxide  gas  apparatus,  should  produce  a  gas  suitable  for 
all  ordinary  heating  purposes  if  large  delivery  pipes  are 
used,  but  the  gas  is  too  largely  diluted  with  the  inert 
nitrogen  to  pass  through  very  small  pipes. 

Another  method  of  production  employed  to  overcome 
these  defects  is  to  convert  coal  into  what  is  absurdly 
named  \vater  gas.  The  misconception  derivable  from  this 
ridiculous  cognomen  was  forcibly,  if  amusingly,  impressed 
upon  me  some  two  years  ago,  when  I  received  a  letter  from 
a  gentleman  in  Algiers,  inquiring  if  I  could  provide  him 
with  an  apparatus  that  would  supply  the  town  with  water 
gas.  He  added  that,  although  there  was  no  coal,  there  was 
abundance,  of  water  near  Algiers.  Evidently  the  title 
had  left  him  with  the  impression  that  the  gas  was  an 
inflammable  water  vapour,  such  as  that  from  dissociated 
water.  The  expression,  no  doubt,  originated  from  the  fact 
that  steam  plays  a  part  in  the  production  of  the  gas. 
The  cycle  of  operation  of  this  water  gas  generating  system 
may  be  said  to  have  been  originated  by  two  Americans, 
Messrs.  Strong  and  Lowe,  some  seventeen  years  ago, 
although  a  M.  Gillard  introduced  a  system  in  1849  for 
producing  water  gas,  which  had  one  application  at  Vauxhall 
Gardens,  but  with  what  success  I  do  not  know. 

Carbonaceous  fuel,  preferably  free  from  volatile  hydro- 
carbons, such  as  coke  or  anthracite,  is  raised  to  a  high, 
temperature  of  bright  incandescence  by  the  passage  of  air 
through  it;  the  air  is  then  turned  off,  and  the  fuel  is 
subjected  to  contact  with  superheated  steam.  The  result 
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as  the  dissociation  of  the  steam  according  to  the  following 
reactions  :— 

4H20  +  4C  =  8H  +  2C02+  2C  =  8H  +  4CO. 

An  alternate  equation  is 

C  +  H2O  =  CO  +  H2. 

This  gas  possesses  a  high  thermic  character. 

Its  disadvantage  is  the  fact  that,  during  the  blowing  up 
of  the  fuel  with  air  period,  the  carbonic  oxide  produced  is 
.generally  wasted,  and  there  is  also  the  disadvantage  that 
•either  coke,  which  occupies  a  relatively  large  cubic  space 
in  relation  to  its  value,  or  anthracite,  which  is  very  ex- 
pensive, have  to  be  resorted  to. 

In  other  respects  the  cycle  of  operations  of  this  method 
of  generating  gaseous  fuel  leaves  little  to  be  desired.  The 
gas  has  many  important  characteristics.  As  a  reducing 
agent,  some  experiments  instigated  by  me  appear  to  show 
that  it  is  more  powerful  than  carbonmonoxide.*  For  many 
purposes,  such  as  welding  boiler  tubes,  flanging,  rivet 
heating,  lighting  by  incandescence,  and  even  metallurgic 
operations,  the  intense  thermic  character  of  combustion  of 
this  so-called  water  gas  is  well  adapted.  There  are  many 
towns  and  villages  in  the  United  States  that  are  supplied 
with  water  gas.  A  few  nervous  individuals  made  a  strong 
objection  to  its  use  during  the  early  stages  of  its  applica- 
tion. It  was  decided  by  .the  Massachusetts  luminaries 
that  no  gas  should  be  supplied  having  a  greater  percentage 
than  10  per  cent,  of  CO.  This  legal  definition,  had  it  been 
respected,  would  have  prevented  the  gas  from  being  used 
.at  all. 

The  disadvantages  of  inodorousness   can  of  course  be 

*  Vide  Engineering,  January  15,  1886.  The  summary  of  the  experi- 
ments appear  to  show  that  water  gas  is  a  more  powerful  reducing  agent 

than  carbonic  oxide  gas,  in  the  ratio  as  4-21  :  672,  or  4^i  x  iop_^2<y^ 
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overcome  by  adding  to  the  gas  an  odorous  inflammable 
vapour,  such  as  the  spirit  of  naphthaline,  or  by  an  admix- 
ture of  the  ordinary  illuminating  gas,  or  by  an  admixture 
of  the  ordinary  carbonmonoxide  gas  that  has  its  own 
generic  odour.  For  further  information  respecting  water 
gas,  see  Appendix. 

The  third  system  of  producing  gaseous  fuel  is  that  intro- 
duced by  me,  and  effected  in  the  Duplex  Gas  Generator. 

In  this  system  there  are  two  cycles  of  reactions,  one 
resembling  that  involved  in  the  production  of  water  gas? 
in  the  other  the  reaction  produces  carbonmonoxide  gas, 
both  gases  being  intermixed,  and  leaving  the  generator 
together.  The  following  is  the  formula  of  reactions  : 


In  this  Duplex  Gas  Generator  the  volatile  hydro- 
carbons are  compelled  to  descend  through  the  incan- 
descent fuel,  by  which  they  become  thoroughly  fixed  and 
permanent. 

The  ordinary  carbonmonoxide  gaseous  fuel  is  available 
for  all  kinds  of  ordinary  furnace  work,  and  for  steam  raising 
its  production  entails  very  little  labour,  and  when  used 
for  metallurgic  and  chemical  operations  the  exact  control 
over  the  chemical  nature  of  combustion  is  an  immense 
advantage,  and  has  enabled  the  beautiful  process  known 
as  Bower-Bar  fling  to  be  performed,  which  consists  funda- 
mentally of  an  alternate  process  of  oxidation  and  dioxida- 
tion  of  iron,  by  which  the  black  and  stable  magnetic  oxide 
of  iron  is  produced. 

For  annealing  processes,  the  control  over  the  tempera- 
ture and  uniformity  of  heat  maintenance  are  advantages 
of  the  highest  importance,  and  by  gas  firing  there  need  be 
no  danger  of  overheating. 

For  steel  manufacture  011  the  open  hearth  process,  the 
very  elevated  temperature  available,  up  to  3500  deg.  Fahr., 
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allows  steel  to  be  manufactured  at  one-sixth  of  the  cost 
in  fuel  of  the  production  of  one  ton  of  puddled  bars.  (See 
Addenda.) 

I  have  successfully  introduced  gaseous  fuel  for  drying 
clay  for  the  semi-plastic  brick  process.  This  system  has 
the  advantage  of  rapidity  of  operation,  and  requires  very 
little  space. 

For  drying  clay  of  the  aluminous  kind,  such  as  China 
clay,  gaseous  fuel  has  been  applied  with  great  success. 

For  baking  pottery,  the  uniformity  of  heating  and  high 
temperature  available  by  the  use  of  gaseous  fuel  are 
primd  facie  advantages. 

The  system  of  drying  China  clay  on  the  old  process  is 
most  unhealthy,  and  is  really  a  process  that  would  be 
fatal  to  any  but  very  strong  workmen,  who  are  bound  to 
succumb  in  the  long  run  to  the  fatal  influences  of  the 
•operation.  I  have  applied  gaseous  fuel  to  this  process, 
along  with  a  special  furnace,  with  the  greatest  success, 
the  process  being  effected  automatically,  and  requiring 
hardly  any  manual  labour.  In  this  process,  although  the 
flame  of  gaseous  fuel  is  brought  into  contact  with  the 
-clay,  so  perfectly  pure  is  combustion  that  the  white  clay 
is  unsullied. 

For  mineralogic  purposes,  such  as  roasting  ores,  the 
uniformity  of  temperature  attainable  is  a  great  advantage. 
I  have  erected  mineral  roasting  gas  furnaces  of  a  length 
of  nearly  40  feet  by  4  feet  in  width,  with  about  250  feet  of 
heating  surface,  and  the  temperature  throughout  is  almost 
-exactly  uniform,  and  the  process  of  manufacture  has  been 
reduced  to  an  almost  exact  science. 

For  the  calcination  of  cement,  gaseous  fuel  is  also 
applicable,  and  in  combination  with  a  revolving  furnace 
this  process  of  manufacture  can  be  carried  ^r^  with  much 
.greater  rapidity  than  in  the  old  proqoas^ 

A^OFTH* 

'UHI7BRSIT7! 


34  GASEOUS  FUEL. 

THE   COMBUSTION   OF   GASEOUS   FUEL   FOR   GENERATING 
MOTIVE   POWER. 

Gaseous  fuel  is  also  applicable  for  a  direct  production  of 
motive  power.  This  is  now  patent  to  every  observer. 
Few  in  this  country  have  not  seen  the  famous  Otto  gas 
engine,  the  invention  of  which  may  be  placed  alongside 
that  of  the  steam  engine  by  James  Watt. 

This  remarkable  instrument  (the  Otto  gas  engine)  for 
the  conversion  of  heat  into  work  we  owe  to  two  German 
scientists,  Dr.  Otto  and  Herr  Langen,  who,  like  the  Siemens 
Brothers,  are  an  example  of  the  advantages  to  inventors  of 
scientific  knowledge.  Prior  to  the  date  of  this  invention,, 
gas  engines  had  a  comparatively  limited  application,  but, 
thanks  to  applied  science,  this  instrument  of  industry  has 
been  raised  to  a  high  pitch  of  efficiency,  and  the  enormous 
sale  of  this  engine,  some  26,000,  is  a  magnificent  proof  of 
its  utility  and  excellence. 

The  principle  of  the  development  of  motive  power  by 
the  instantaneous  combustion  of  gaseous  fuel  rests  in  the- 
laws  of  Charles  Gay  Lussac  and  Boyle — ergo,  that  the 
pressure  exerted  by  a  gas  varies  directly  as  its  volume, 
and  as  the  combustion  of  a  gas  in  a  cylinder  with  only  one 
movable  end,  generates  heat  and  expands  the  gases,  the 
pressure  produced  by  the  tendency  to  expansion  forces 
forward  the  movable  end  or  piston,  with  a  pressure 
corresponding  to  the  temperature  produced  by  combustion 
and  the  expansion  due  to  that  temperature. 

By  means  of  the  cycle  of  operations  of  a  compression 
gas  engine  or  in  which  the  combustible  mixture  is  com- 
pressed before  ignition,  one  indicated  horse-power  can  be 
produced  at  an  expenditure  varying  from  I  £  to  I J  Ibs.  of 
coke  or  anthracite.  I  am  now  experimenting  with  a  gas 
generating  apparatus  by  which  it  is  anticipated  that  the 
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same  amount  of  dynamic  power  will  be  produced  with  an 
expenditure  of  I J  Ibs.  of  washed  slack  coal,  equivalent  to 
33  h.p.  per  hour  at  a  cost  of  one  penny. 

Besides  the  Otto  gas  engine  there  are  many  excellent 
motors  in  the  market ;  one  especially,  Atkinson's  cycle 
engine,  has  given  "a  remarkably  high  thermo-dynamic 
efficiency  at  a  recent  trial  instituted  by  the  Society  of 
Arts,  another  simple  and  excellent  motor  is  that  known  as 
the  Campbell  gas  engine. 

The  following  list,  although  far  from,  complete,  showing 
the  numerous  applications  of  gaseous  fuel  to  industrial 
purposes,  demonstrates  that  this  principle  of  fuel  combus- 
tion is  becoming  recognized  as  the  true  one,  and  it  may 
be  stated,  nemine  contradicente,  that  the  days  of  solid  fuel 
are  numbered. 

LIST   OF   SOME   APPLICATIONS   OF   GASEOUS   FUEL. 

Steel,  zincj  and  glass  melting. 
Roasting  ores. 

Annealing  steel,  wire  castings,  &c. 
Ee-heating  steel  and  iron  blooms. 
Calcining  Portland  cement. 

,,        aluminous  clay. 
Burning  pottery,  terra  cotta,  and  bricks. 
Eaising  steam. 
Generating  motive  power. 
Boiling  and  evaporating  liquids. 
Singeing  and  gassing  yarns. 
Welding  and  forging  purposes. 
Cremating  and  destroying  organic  matter. 
Core  drying. 
Baking. 

Salt  cake  manufacture  ;  and 
Chemical  processes. 
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PROJECT  FOR  THE  DISTRIBUTION  OF  GASEOUS  FUEL  PRODUCED 
AT  THE  COALFIELDS. 

It  has  already  been  mentioned  that  the  natural  gas 
from  the  wells  in  Pennsylvania  is  conveyed  through  pipes 
to  distances  of  60,  and  even  more  miles,  before  its  general 
distribution,  and  that  there  are  2300  miles  of  distributing 
pipes. 

On  the  basis  of  the  distribution  of  natural  gas  in  Penn- 
sylvania the  author  has  elaborated  three  projects  of  pro- 
duction and  distribution  of  gaseous  fuel  in  this  country, 
the  source  of  generation  being  situated  in  the  centre  of 
the  coalfields. 

For  the  supply  of  the  Midland  towns  and  the  Metropolis 
there  would  be  arranged  three  gaseous  fuel-producing 
installations,  one  in  South  Wales,  one  in  Staffordshire,  and 
one  in  South  Yorkshire. 

The  gas  produced  would  be  conveyed  in  as  direct  a  line 
as  possible  from  the  neighbourhood  of  Barnsley  to  the 
Stafford  installation,  and  from  thence,  through  the  Midland 
towns,  to  which  by  branch  lines  the  gas  would  be  supplied, 
to  where  the  junction  with  the  South  Wales  pipe  line 
would  be  effected. 

The  mains  would  be  four  in  number  from  Staffordshire 
for  a  length  of  120  miles.  The  South  Wales  branch  main 
would  consist  of  two  pipes  100  miles  in  length,  and  the 
South  Yorkshire  branch  pipe  line  of  70  miles  in  length. 

The  coal  would  be  converted  into  gas  a.t  the  coalfields, 
and  delivered  to  the  distributing  mains  under  great 
pressure  by  means  of  compression  engines,  and  could  be 
distributed  in  the  towns  in  the  day  time  for  heating 
purposes  by  the  ordinary  mains,  and  by  means  of  special 
incandescent  burners  the  gas  could  be  utilized  for  illu- 
minating. The  saving  in  cost  of  fuel  by  this  system  in  its 


PROJECT  FOR  THE  DISTRIBUTION.  37 

application  to /the  Metropolis  will  be  understood  from  the 
fact  that  in  the  year  1887,  12,055,000  tons  of  coal  were 
delivered  into  the  London  district.  The  total  cost  of 
this  coal  at  the  coalfields  would  be  fairly  estimated  at 
,£3,013,750;  the  amount  paid  by  the  London  populace 
for  this  coal  would  be  about  ^12,657,750  per  annum. 
The  difference  between  cost  of  fuel  at  the  source  of 
supply  and  at  the  place  of  use  is  therefore  £"9,644,000. 
This  amount  is  absorbed  in  cartage,  merchants'  profits, 
railway  carriage,  and  London  Corporation  dues.  As- 
suming one  third  of  this  amount  represents  the  reduc- 
tion in  price  of  fuel  to  the  consumers,  this  would  leave  a 
balance  of  £"6,429,324  to  pay  for  cost  of  generating  gas 
and  interest  on  capital  invested  on  plant  and  pipe  lines 
and  maintenance.  There  is  little  doubt  but  that  the  net 
profit  would  justify  an  expenditure  of  fifty  millions 
sterling  in  gaseous  fuel  installations  and  distributing  pipe 
lines. 

The  advantage  to  the  Metropolis  by  the  general  distri- 
bution and  application  of  gaseous  fuel  would  be  a  colossal 
one.  The  increasingly  heavy  and  dangerous  fogs,  which 
are  greatly  due  to  the  condensation  of  the  aqueous  vapour 
on  the  atoms  of  unburnt  carbon  and  sulphur,  would  dis- 
appear. The  splendid  architectural  monuments  of  modern 
Babylon  could  be  relieved  from  their  dirty  covering,  and 
London  would  be  metamorphosised,  and  might  rival  Paris 
in  the  clearness  of  its  atmosphere,  after  allowing  for  the 
different  climatic  conditions. 

Birmingham  and  the  other  Midland  industrial  centres 
could  also  join  in  the  economic  and  sanitary  advantages 
of  a  cheap  and  abundant  supply  of  gaseous  fuel  for  all 
purposes. 

The  Lancashire  project  consists  in  the  establishment  of 
a  gaseous  fuel-producing  installation  in  the  neighbourhood 
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of  Wigan.  The  pipe  lines  would  distribute  the  gas  to 
Manchester  and  Salford,  and  along  the  Rossendale  Valley 
to  Bacup,  Accrington,  Bury,  Blackburn,  Preston,  and 
Bolton,  and  another  branch  would  lead  the  gas  to  Stock- 
port,  Oldham,  and  Ashton. 

The  West  Riding  project  consists  in  the  establishment 
of  a  gaseous  fuel  installation  at  Barnsley.  The  pipe  lines 
could  convey  the  gas  to  Sheffield  and  to  Wakefield,  where 
one  pipe  would  branch  off  to  Batley,  Dewsbury,  Mirfield, 
Huddersfield,  Slaithwaite,  Brighouse,  Halifax,  and  Tod- 
morden ;  the  other  branch  wrould  convey  the  gas  to 
Cleckheaton,  Bradford,  and  the  other  towns  en  route  to 
Leeds. 

By  this  arrangement  manufacturers  and  other  steam 
users  could  have  an  abundant  supply  of  gaseous  fuel, 
costing  merely  a  fraction  above  that  of  the  cost  at  the  pit, 
and  enabling  the  user  to  obtain  the  fullest  practical  thermic 
efficiency  of  the  fuel. 

This  project  of  distributing  one  of  the  great  natural 
agents  would,  if  carried  out  even  on  a  smaller  scale  than 
that  proposed,  be  as  great  an  improvement  over  the  costly, 
wasteful,  and  unhealthy  present  system  as  the  present 
system  of  distribution  of  water  by  pipes  from  one  great 
source  of  supply  is  to  the  isolated  wells  and  bucket  or 
cart  distribution  of  water. 

Another  advantage  that  would  accrue  from  a  national 
and  central  fuel  distribution  system  would  be  the  facility 
for  collecting  the  nitrogenous  constituents  of  coal.  The 
value  of  these  nitrogen  compounds  to  the  agriculture  of 
this  country  and  to  our  industrial  operations  could  hardly 
be  over-estimated,  as  it  would  render  our  farmers  almost, 
if  not  altogether,  independent  of  foreign  supplies. 

Such  a  central  gaseous  fuel  producing  and  distribution 
system,  even  if  confined  to  the  generation  of  the  gas  at 
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locations  near  to  each  of  the  large  industrial  centres,  would 
be  of  an  immense  economic  and  hygienic  advantage,  and 
would  enable  gas  motors  to  be  used  for  generating  elec- 
tricity, which  could  be  produced  at  a  cost  that  would 
permit  this  surpassingly  beautiful  and  hygienic  means  of 
illumination,  to  be  obtained  at  a  very  moderate  cost,  and 
enable  it  to  be  within  the  reach  of  all. 


APPENDIX. 


RECOVERY    OF    AMMONIA. 

Taking  the  internal  or  home  consumption  of  fuel  to  be> 
75  millions  per  annum,  and  estimating  that  each  ton  of  coal 
would  produce  20  Ibs.  of  ammonia  sulphate,  this  would,  if 
abstracted,  represent  some  670,000  tons  of  ammonium  sulphate- 
per  annum.  If  we  take  this  agent  as  worth  £n  15$.  per 
ton,  this  output  alone  would  have  a  value  of  .£7,872,500  ;  by 
the  conversion  of  the  fuel  into  gas  a  great  part  of  this  valuable- 
manurial  agent  could  be  easily  recovered. 

ANALYSES    OF    CHIMNEY    GASES. 
SOLID    FUEL. 

Date  of  trial,  1884.  Test  conducted  by  B.  H.  Thwaite. 
Gases  analysed  by  G.  J.  Norman  Tate,  F.C.S. 

Description  of  Boiler — Vertical  Millitubular,  partially  gas- 
fired.  Fuel  slack  coal.  Carefully  fired. 

Nitrogen ..  80*08 

CO i -io 

C02 1277 

0,  by  difference 6*05 


lOO'OO 
SOLID    FUEL. 


Date  of  trial,   1887.     Test  conducted  by  Sir  F.  BramwelE 
and  W.  Anderson. 
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Ordinary  Steam   Coal.     Average  of  n   tests.     Very  care- 
fully hand -fired. 

Nitrogen 80*360 

CO 00-186 

C02 10*900 

O,  by  difference 8*842 


100-288 
Solid  carbon  percentage  by  weight  of  &mcke,  4*  1 8  per  cent. 

GASEOUS    FUEL. 

Date  of  trial,  April  1889.  Test  conducted  by  R.  Forbes 
Carpenter,  H.M.'s  Inspector  of  Alkali  Works.  Instigated  by 
A.  E.  Fletcher,  Esq.,  H.M.'s  Chief  Inspector  of  Alkali  Works. 

Gas-fired  Lancashire  Boiler — Thwaite's  System.  Ordinary 
Steam  Coal. 

Sample  i.  Sample  2.  Sample  3. 

N    .  .  .  80-60  ...  8o-00  ...  79-80 

O  .  .  .  11-15  •••  13'°°  •••  :37o 

CO2  .  .  8-25  ...  7-00  ...  6-50 

CO  .  .  o-oo  ...  o-oo  ...  o-oo 

CH4  .  .  o'oo  ...  o'oo  ...  o'oo 

H  .  o-oo  o'oo  ...  o-oo 


lOO'OO     ...    lOO'OO     ...    lOO'OO 

These  analyses  show  absolute  immunity  from  combustible- 
or  unburnt  gases  and  smoke. 

NOTES  ON  METALLURGIC  OPERATIONS. 

The  excess  of  air  required  to  produce  a  near  approach  to 
perfect  combustion  of  fuel  cannot  be  attained  in  the  instance 
when  combustion  is  required  to  be  of  a  deoxidizing  or  reducing 
nature. 

In  order  to  avoid  waste  of  metal  by  oxidation,  the  forge- 
furnace  man  is  compelled  to  produce  a  state  of  combustion 
involving  the  evolution  of  an  enormous  excess  of  unburnt 
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combustible  gases,  and  this  explains  why  his  furnace  chimney 
belches  forth  great  streams  of  thick  smoke. 

With  gaseous  fuel  firing,  the  furnace  man  has  perfect  con- 
trol over  the  chemical  nature  of  combustion,  and  he  can,  with 
a  trivial  excess  of  combustible  gases,  obtain  a  deoxidizing 
flame,  and  even  this  excess  of  combustible  gases  can  be  burnt 
in  the  recuperative  chambers,  and  the  heat  restored  for  com- 
bustion, so  that  there  need  be  no  loss  of  thermic  units. 

In  forge  furnaces  fired  with  solid  fuel  there  is  loss  of  heat 
and  time  during  the  scaling  of  the  bars,  which  is  avoided  when 
gaseous  fuel  is  employed. 

If  we  estimate  the  fusion  point  of  steel  at  2,900  deg.  Fahr., 
and  take  its  specific  heat  to  equal  0*113,  the  units  of  heat 
required  to  melt  i  ton  of  steel  would  therefore  equal  the  sum 
of  2900  x  2240  x  0*113. 

Log  of  2900   .        .        .        .        .        .        .     3-46240 

„     2240 


6-81265 

Log  of  0-113   .......     1*05308 

734-307  B.U  .......     5*86573 

Taking  the  calorific  value  of  i  Ib.  of  coal  to  equal  14,000 
B.U.,  then  the  weight  of  fuel  required  to  melt  i  ton  of  steel 
would  be  represented  by  the  following  fraction  :  — 


The  usual  amount  of  coal  required  per  ton  of  puddled  bar 
would  exceed  2  tons,  but  if  we  take  this  figure,  then  the  waste 
or  excess  of  fuel  over  that  theoretically  necessary  is  strikingly 
demonstrated  — 


.        , 
52-4 

or  about  eighty-five  times  more  fuel  is  used  in  hand-fired  solid 

fuel  puddling  furnaces  than  is  theoretically   necessary.     The 

useful  calorific  efficiency,  therefore,  hardly  exceeds  1*2  per  cent. 

With  the  most  modern  type  of  gas-fired  recuperative  gas 
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furnaces,  the  weight  of  fuel  per  ton  of  steel  ingots  should  not 
•exceed  8  cwt.  This  represents  an  actual  efficiency  of  5*8  per  cent. 
These  efficiencies  are  only  given  as  relative  ones.  Berth  el  ot 
has  shown,  by  experiments  carried  out  with  the  most  refined 
precision,  that  the  value  of  specific  heats  increases  with  the 
temperature ;  *  but  as  the  increase  of  the  specific  heat  of  iron 
has  not  been  ascertained,  the  ordinary  specific  heat  value  has 
been  taken.  In  metallurgical  furnace  operations,  the  very 
elevated  temperatures  of  metallic  fusion,  are  only  divided  from 
that  of  the  atmosphere  by  walls  of  refractory  material,  whose 
inner  sides  attain  the  temperature  of  fusion,  of  the  metal  under 
treatment,  and  whose  outer  sides  are  exposed  directly  to  the 
atmosphere.  The  difference  of  the  temperature  of  the  outer 
side  of  wall  and  the  air,  often  exceeds  500  deg.  Fahr.,  so  that 
the  relative  heat  radiation  per  superficial  unit  is  at  least  five 
times  greater  in  metallurgical  furnace  operations,  than  in  steam 
generation. 

By  a  judicious  selection  of  refractory  material,  and  careful 
building  of  the  furnace  walls,  there  is  no  doubt  but  that  the 
loss  of  heat  by  outside  wall  surface  radiation  may  be  much 
reduced.  But  there  will  always  remain  a  considerable  excess 
of  loss  due  to  this  cause  over  that  of  the  instance  of  the  appli- 
cation of  heat  to  steam  raising,  where  the  highest  temperature 
of  initial  combustion  is  surrounded  by  a  jacket  of  water  whose 
temperature  can  never  exceed  that  equivalent  to  the  pressure 
of  steam,  which  rarely  exceeds  200  Ibs.  to  the  square  inch. 

If  the  combustion  of  fuel  could  be  perfectly  attained  in 
flues  of  a  steam  generator,  the  latter  would  be  practically  a 
calorimeter,  and  the  fullest  possible  thermic  efficiency  of  the 
fuel  might  be  obtained  in  the  actual  work  of  raising  steam. 


*  Vide  Engineer,  October  2,  1885  :  "  The  Properties  of  Gaseous  Explo- 
.sive  Mixtures,"  by  Berthelot.  Translated  and  abstracted  by  B.  H. 
Thwaite,  from  the  Annales  de  Cldmie  et  de  Physique,  January  1885. 
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NOTES    ON    WATER    CJ AS. 

For  high  local  temperatures  water  gas  is  exceptionally 
valuable. 

Bessemer  steel  can  be  melted  with  water  gas  fuel  with  cold 
air. 

THE  RELATIVE  THERMIC  VALUE  OF  PRODUCER  GAS  AND 
WATER  GAS. 

The  entire  absence  of  nitrogen  in  water  gas  is  in  some 
applications  a  decided  advantage.  But,  in  making  a  compari- 
son between  the  heat  of  combustion  carried  off  as  sensible 
heat  by  the  products  of  combustion  between  ordinary  pro- 
ducer and  water  gas,  we  should  not  forget  that  there  is  a 
considerable  loss  due  to  the  heat  absorbed,  and  rendered  latent 
by  the  steam  resulting  from  the  reoxidation  of  the  hydrogen, 
between  ranges  of  temperature  of  combustion,  from  100°  Cent. 
to  400° — we  shall  find  the  loss  is  greater  than  with  ordinary 
producer  gas. 

Taking  the  reaction  represented  by  C  +  H20  =  CO  +  H2  to- 
produce  water  gas,  and  its  complete  combustion  to  be  repre- 
sented by 

CO  -f-  H2  +  20  +  8N  =  C02  +  H20  +  8N, 

and  acknowledging  producer  gas  to  be  evolved  according  to  the- 
following  sequence  of  reactions- — (Note,  for  facility  of  calcula- 
tion N4  is  taken  instead  of  N3.6) — let 

2N4O  +  C  =  8N  +  CO,  and  8N  +  C02  +  C  =  8N  +  2CO, 
then  the  combustion  would  be  effected  as  follows : — 
8N  +  2CO  +  2O  +  8N  =  i6N  +  2C02. 

Assuming  that  in  each  case  as  an  example  1 2  grammes  of 
carbon  are  used,  and  are  used  first  to  produce  water  gas,  and 
afterwards  the  same  weight  is  used  to  produce  carbonic  oxide, 
and  assuming  that  both  kinds  of  gas  are  consumed  and  the- 
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products  of  combustion  are  allowed  to  escape  at  a  temperature 
•of  300°  Cent.,  then 

C0  H°  N 


300 

\[i2  +  32  x  0-219]  +  [2  +  16  x  0-481]  +  [112  x  0-244J 

=  1  3  '660  units  of  sensible  heat 
1  8  x  606  '5  =  10-917  latent  heat  units  of  steam 

24-577  units  lost. 

Now,  taking  the  combustion  of  producer  gas  for  the  same 
weight  of  fuel,  then 

/  CO2  N  \ 

300  (  r  ,  )  =  1  1  -062  units  lost 

V[i2  +  32  x  0-217]  +  [112  x  0-244]/ 

as  sensible  heat.     The  ratio  of  heat  units  lost  to  the  total  units 
produced  by  the  combustion  of  the  two  gases  will  be  as  follows  : 

WATER    GAS. 

28  grms.  CO  to  CO2  =  67-284  units 
2  grms.  H  to  H^O  =  57-924  units 

125-208 
Ratio  of  loss  will  therefore  be 


PRODUCER    GAS. 

28  grms.  CO  to  C02  =  #7-284  units 

Ratio  of  loss  will  therefore  be 

11-062  x  100        .. 

=  1  6  -4  per  cent. 
67-284 

Hence  the  advantage  in  favour  of  the  producer  gas  is  3-2 
per  cent. 

The  real  value  of  water  gas  is  found  in  its  high  thermic 
character  per  unit  volume;  in  any  given  equal  volume  of 
producer  and  water  gas  the  ratio  of  thermal  units  is  as  60  '8  is 
to  277  in  favour  of  water  gas. 

This  higher  thermic  value  of  water  gas  means  a  greater 
calorific  effect  in  a  given  period,  and  a  consequent  reduction 
of  loss  by  radiation.  In  the  instance  of  the  application  of 
water  gas  to  a  recuperative  open-hearfch  steel  furnace, 
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7,392,000  B.U.'s  are  required  per  ton  of  steel  ingots,  whereas 
with  producer  gas  the  heat  units  required  equal  14,400,000. 

WATER   GAS    FOR    LIGHTING. 

By  the  introduction  of  a  durable  form  of  refractory  material 
into  the  zone  of  combustion,  the  water  gas  can  be  utilized  for 
illuminating  purposes.  I  have  applied  the  Welsbach  burner 
(a  zirconium  hood)  for  use  with  water  gas  produced  in  my 
own  apparatus  with  the  most  satisfactory  results,  the  light 
being  both  beautiful  and  steady. 

Theoretically,  gas  lighting  by  incandescence,  if  it  could  be 
accomplished  by  recuperation,  or  the  restoration  of  the  sensible 
heat  of  the  products  of  combustion,  would  be  most  perfect, 
because  the  temperature,  of  incandescence  is  the  result  not 
only  of  the  oxidation  of  the  hydrogen,  but  of  the — and 
almost  simultaneous  oxidation  of  the — carbonic  oxide  (CO) 
to  C02  as  well,  whereas,  with  ordinary  illuminating  gas, 
burnt  in  any  ordinary  burner  other  than  a  Bunsen,  the  tem- 
perature of  incandescence  of  the  carbon  atoms  constituting  the 
luminous  part  of  the  flame  is  simply  that  resulting  from  the 
oxidation  of  the  hydrogen.  The  Fajenhelm  comb  burner, 
which  consists  of  suspended  magnesian  rods,  gives,  it  is  said, 
for  a  consumption  of  5*3  cubic  feet  per  hour,  about  20  candles. 
This  photometric  value  is  reduced  after  an  expiration  of 
50  hours  to  15  candles,  and  in  100  hours  the  value  is  further 
reduced  to  10  candles. 

:• 

FOR   MOTOR   PURPOSES. 

About  35  cubic  feet  of  water  gas  required  per  I.H.P.,  in 
comparison  with  from  70  to  90  of  ordinary  producer  gas. 

The  volumetric  production  of  water  gas  per  ton  of  fuel 
equals  30,000  cubic  feet. 
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PRACTICAL  EDUCATION. 

A  WORK   ON 

PREPARING   THE    MEMORY,   DEVELOPING 
QUICKNESS   OF   PERCEPTION,   AND 
TRAINING   THE   CONSTRUC- 
TIVE  FACULTIES. 

BY  CHARLES  G.  LELAND. 

Author  of'1  The  Minor  Arts"  "  Twelve  Manuals  of  Art  Work"  "  The  Album 

of  Repousse  Work"  Industrial  Art  in  Education,  or  Circular 

No.  4,  1882,"  "  Hints  on  Self-Education"  etc. 

MR.  LELAND  was  the  first  person  to  introduce  Industrial  Art  as  a  branch  of 
education  in  the  public  schools  of  America.  The  Bureau  of  Education  at  Wash- 
ington, observing  the  success  of  his  work,  employed  him  in  1862  to  write  a  pam- 
phlet showing  how  hand-work  could  be  taken  or  taught  in  schools  and  families. 
It  is  usual  to  issue  only  1 5,000  of  these  pamphlets,  but  so  great  was  the  demand 
for  this  that  in  two  years  after  its  issue  more  than  60,000  were  given  to  applicants. 
This  work  will  be  found  greatly  enlarged  in  "  Practical  Education."  Owing  to  it 
thousands  of  schools,  classes,  or  clubs  of  industrial  art  were  established  in  Eng- 
land, America  and  Austria.  As  at  present  a  great  demand  exists  for  information 
as  to  organizing  Technical  Education,  this  forms  the  first  part  of  the  work.  In  it 
the  author  indicates  that  all  the  confusion  and  difference  of  opinion  wh'ch  at  pre- 
sent prevails  as  to  this  subject,  may  very  easily  be  obviated  by  simply  beginning 
by  teaching  the  youngest  the  easiest  arts  of  which  they  are  capable,  and  by 
thence  gradually  leading  them  on  to  more  advanced  work. 

"  The  basis  of  Mr.  Leland's  theory,"  says  a  reviewer,  "is  that  before  learning, 
children  should  acquire  the  art  of  learning.  It  is  not  enough  to  fill  the  memory, 
memory  must  first  be  created.  By  training  chi'dren  to  merely  memorize,  extra- 
ordinary power  in  this  respect  is  to  be  attained  in  a  few  months.  With  this 
is  associated  exercises  in  quickness  of  perception,  which  are  at  first  purely 
mechanical,  and  range  from  merely  training  the  eye  to  mental  arithmetic,  and 
problems  in  all  branches  of  education.  Memory  and  quickness  of  perception 
blend  in  the  development  of  the  constructive  faculties  or  hand-work  Attention 
or  interest  is  the  final  factor  in  this  system." 

' '  Mr.  Leland's  book  will  have  a  wide  circulation.  It  deals  with  the  whole  sub- 
ject in  such  a  downright  practical  fashion,  and  is  so  much  the  result  of  long 
personal  experience  and  observation,  as  to  render  it  averitable  mine  of  valuable 
suggestions." — BRITISH  ARCHITECT. 

"It  has  little  of  the  dryness  usually  associated  with  such  books ;  and  no 
teacher  can  read  its  thoughtful  pages  without  imbibing  many  valuable  ideas. ," — 
SCOTTISH  EDUCATIONAL  NEWS. 

"  Strongly  to  be  recommended." — CHEMICAL  NEWS. 

"  This  valuable  little  work"— LIVERPOOL  DAILY  POST. 

"  Many  of  Mr.  Leland's  suggestions  might  be  carried  out  advantageously 
among  the  young  folks  in  our  large  towns  and  villages." — NORTHERN  WHIG. 


Classical  and  Educational  Works. 


fl^tnor  arts  ana  3Jn&uetrtefiu 

A   SERIES  OF  ILLUSTRATED  AND  PRACTICAL  MANUALS  FOR 
SCHOOL  USE  AND   SELF-INSTRUCTION. 

EDITED    BY   CHARLES   G.   LELAND. 


This  series  of  manuals  on  "The  Minor  Arts  and  Industries"  is 
designed  on  the  lines  laid  down  in  Mr.  Leland's  treatise  on  educa- 
tion. Each  handbook  will  present  the  subject  with  which  it  deals  in 
a  thoroughly  popular  and  practical  manner ;  the  lessons  carry  the 
student  on  his  road  step  by  step  from  the  veriest  elements  to  the 
point  where  the  most  advanced  works  fitly  find  their  place  in  his 
course  of  study  ;  in  short,  the  greatest  pains  are  taken  to  ensure  a 
thorough  mastery  of  the  rudiments  of  each  subject,  and  to  so  clearly 
state  each  lesson,  illustrating  it  where  necessary  by  plans  and  draw- 
ings, that  even  very  young  children  may  be  interested  in  and  trained 
to  practical  work.  On  similar  grounds  the  self-taught  student  will 
find  these  manuals  an  invaluable  aid  to  his  studies. 


Part  I  now  ready,  Paper  cover,  is.  or  in  cloth,  is.  6d. 

DRAWING   AND    DESIGNING: 

IN  A  SERIES  OF  LESSONS,  WITH  NUMEROUS  ILLUSTRATIONS, 

BY  CHARLES  G.  LELAND,  M.A.,  F.R.L.S. 

WOOD  CARVING  :  with  numerous  illustrations,  chiefly  from  original 
designs.     By  CHARLES  G.  LELAND.  [In  the  Press. 

Other  volumes  will  follow  at  intervals,  amongst  the  subjects  of  which 
may  be  named — 

MODELLING.  I  METAL  WORK. 

LEATHER  WORK.  CARPENTERING. 
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GREEK   AND    LATIN. 
IBibliotfjeca  Cla0$tca. 

A  Series  of  Greek  and  Latin  Authors,  with  English  Notes, 
edited  by  eminent  Scholars,     ^vo. 

^SCHYLUS.     By  F.  A.  Paley,  M.A.     Ss. 

CICERO'S    ORATIONS.      By    G.    Long,    M.A. 
4  vols.  Ss.  each. 

DEMOSTHENES.     By  R.  Whiston,  M.A.     2  vols. 
8.r.  each. 

EURIPIDES.   By  F.  A.  Paley,  M.A.   3  vols.  Ss.  each. 
HERODOTUS.  By  Rev.J.W.Blakesley,B.D.2vols.i2j. 
HESIOD.     By  F.  A.  Paley,  M.A.     5*. 
HOMER.    By  F.  A.  Paley,  M.A.    Vol.  1.8*.    Vol.  II.  6s. 
HORACE.     By  Rev.  A.  J.  Macleane,  M.A.     8*. 

JUVENAL    AND     PERSIUS.      By  Rev.  A.  J. 
Macleane,  M.A.     6s. 

LUC  AN.     The  Pharsalia.     By  C.  E.   Raskins,  M.A., 
and  W.  E.  Heitland,  M.A.     14*. 

PLATO.     By  W.  H.  Thompson,  D.D.    2  vols.  5*.  each. 
SOPHOCLES.  Vol.  I.  ByRev.F.H.Blaydes,M.A.8j. 

Vol.  II.     Philoctetes— Electra — Ajax  and  Tra- 

chinise.     By  F.  A.  Paley,  M.A.     6s. 

TACITUS  :  The  Annals.      By  the  Rev.  P.  Frost.     Ss. 
TERENCE.     By  E.  St.  J.  Parry,  M.A.     gs. 
VIRGIL.    By  J.  Conington,  M.A.    3  vols.  los.  6d.  each. 

%*  In  some  cases  the  volumes  cannot  be  sold  separately.  The 
few  copies  that  remain  are  reserved  for  complete  sets,  which  may  be 
obtained,  at  present,  for  9/. 
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Grammar  Reboot  Classics, 

A  Series  of  Greek  and  Latin  Authors,  with  English  Notes. 
Fcap.  $>vo. 

CJE.SAR:     DE    BELLO    GALLICO.      By   George 

Long,  M.A.     4s. 

Books  I. -III.     For  Junior  Classes.     By  George 

Long,  M.A.      is.  6d. 

Books  IV.  and  V.  in  i  vol.     is.  6d. 

Books  VI.  and  VII.  in  i  vol.     is.  6d. 

CATULLUS,  TIBULLUS,  AND   PROPER- 

TIUS.      Selected   Poems.      With   Life.      By   Rev.    A.    H. 
Wratislaw.     2s.  6d. 

CICERO:     DE    SENECTUTE,    DE    AMICITIA, 

and  SELECT  EPISTLES.     By  George  Long,  M.A.     3*. 

CORNELIUS    NEPOS.       By   Rev.    J.   F.   Mac- 
mi  chael.     2s. 

HOMER  :    ILIAD.     Books  I. -XII.     By  F.  A.  Paley, 

M.A.     4j.  6d. 

Books  I. -VI.,  2s.  6d.  ;  Books  VII. -XII.,  2s.  6d. 

HORACE.     With  Life.      By  A.  J.  Macleane,  M.A. 

3J-.  6d.     In  2  Parts  :  Odes,  2s.  ;  Satires  and  Epistles,  2s. 

JUVENAL:  SIXTEEN  SATIRES.     By  H.   Prior, 
M.A.     3J.  6d. 

MARTIAL:    SELECT    EPIGRAMS.      With   Life. 
By  F.  A.  Paley,  M.A.     4*.  6d. 

OVID  :    The  FASTI.     By  F.  A.  Paley,  M.A.     3*.  6d. 

Books  I.  and  II.  in  i  vol.     is.  6d. 

Books  III.  and  IV.  in  i  vol.     is.  6d. 

Books  V.  and  VI.  in  i  vol.     is.  6d. 

SALLUST:  CATILINA  and  JUGURTHA.    With 

Life.     By  G.  Long,  M.  A. ,  and  J.  G.  Frazer.    3^.  6d.    Catilina, 
2s.     Jugurtha,  2s. 

TACITUS:    GERMANIA  and  AGRICOLA.      By 
Rev.  P.  Frost.     2s.  6d. 
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VIRGIL  :  BUCOLICS,  GEORGICS,  and  ^ENEID, 

Books  I.-IV.  Abridged  from  Professor  Conington's  edition. 
4s.  6d. 

^ENEID,  Books  V.-XII.     4*.  6d. 

Also  in  9  separate  volumes,  is.  6d.  each. 

XENOPHON:  The  ANABASIS.  With  Life.  By 
Rev.  J.  F.  Macmichael.  3^.  6d. 

Also  in  4  separate  volumes,  is.  6d.  each. 

The  CYROP^EDIA.     By  G.  M.  Gorham,  M.A. 

S.T.  6d. 

Books  I.  and  II.  in  i  vol.     is.  6d. 

Books  V.  and  VI.  in  i  vol.     is.  6d. 

MEMORABILIA.       By  Percival   Frost,   M.A. 

3* 

A  GRAMMAR-SCHOOL  ATLAS  OF  CLAS- 
SICAL GEOGRAPHY,  containing  Ten  selected  Maps. 
Imperial  8vo.  3^. 

Uniform  with  the  Series. 

THE    NEW    TESTAMENT,   in   Greek.      With 

English  Notes,  &c.  By  Rev.  J.  F.  Macmichael.  4^.  6d. 
Separate  parts,  St.  Matthew,  St.  Mark,  St.  Luke,  St.  John, 
Acts,  6d.  each,  sewed. 


Hotoer  Jform 

With  Notes  and  Vocabularies. 

ECLOGUE  LATIN^E  ;  OR,  FIRST  LATIN 
READING-BOOK,  WITH  ENGLISH  NOTES  AND  A 
DICTIONARY.  By  the  late  Rev.  P.  Frost,  M.A.  New 
Edition.  Fcap.  8vo.  is.  6d. 

LATIN  VOCABULARIES  FOR  REPETI- 
TION. By  A.  M.  M.  Stedman,  M.A.  2nd  Edition, revised. 
Fcap.  8vo.  IJ-.  6d. 

EASY  LATIN  PASSAGES    FOR   UNSEEN 

TRANSLATION.     By  A.  M.   M.   Stedman,  M.A.     Fcap. 
8vo.  is.  6d. 
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VIRGIL'S  ^ENEID.  Book  I.  Abridged  from  Con- 
ington's  Edition  by  Rev.  J.  G.  Sheppard,  D.C.L.  With  Voca- 
bulary by  \V.  F.  R.  Shilleto.  is.  6d.  [Now  ready. 

CAESAR  :  DE  BELLO  GALLICO.  Book  I.  With 
Notes  by  George  Long,  M.A.,  and  Vocabulary  by  W.  F.  R. 
Shilleto.  is.  6d.  [Book  II.  in  the  press. 

TALES  FOR  LATIN  PROSE  COMPOSI- 
TION. With  Notes  and  Vocabulary.  By  G.  H.  Wells, 
M.A.  2s. 

MATERIALS  FOR  LATIN  PROSE  COM- 
POSITION. By  the  late  Rev.  P.  Frost,  M.A.  New  Edition. 
Fcap.  8vo.  2s.  Key  (for  Tutors  only),  4^. 

A  LATIN  VERSE-BOOK.  AN  INTRODUC- 
TORY WORK  ON  HEXAMETERS  AND  PENTAME- 
TERS. By  the  late  Rev.  P.  Frost,  M.A.  New  Edition. 
Fcap.  8vo.  2s.  Key  (for  Tutors  only),  $s. 

ANALECTA  GR1ECA  MINORA,  with  IN- 
TRODUCTORY SENTENCES,  ENGLISH  NOTES, 
AND  A  DICTIONARY.  By  the  late  Rev.  P.  Frost,  M.A. 

New  Edition.     Fcap.  8vo.     2s. 

GREEK  TESTAMENT   SELECTIONS.     By 

A.  M.  M.  Stedman,  M.A.     2nd  Edition,  enlarged,  with  Notes 
and  Vocabulary.     Fcap.  8vo.     2s.  6d. 


Certs  tottb  Jl3ote0. 

A  Selection  of  the  most  usually  read  of  the  Greek  and  Latin 
Authors,  Annotated  for  Schools.  Fcap.  Sv0,  is.  6d. 
each,  with  exceptions. 

EURIPIDES.  ALCESTIS  —  MEDEA—  HLPPO- 
LYTUS— HECUBA— BACCH^E— ION  (2s.)— ORESTES— 
PHOENISS^:— TROADES-  HERCULES  FURENS— 
ANDROMACHE  — IPHIGENIA  IN  TAURIS— SUP- 
PLICES.  By  F.  A.  Paley,  M.A.,  LL.D. 

AESCHYLUS.  PROMETHEUS  VINCTUS— 
SEPTEM  CONTRA  THEBAS— AGAMEMNON— PERS.E 
— EUMENIDES— CHCEPHORCE.  By  F.  A.  Paley,  M.A., 
LL.D. 


8  Whittaker  and  Cols  List  of 


SOPHOCLES.  CEDIPUSTYRANNUS— CEDIPUS 
COLONEUS— ANTIGONE— ELECTRA— AJAX.  By  F. 
A.  Paley,  M.A.,  LL.D. 

THUCYDIDES.  BOOK  IV.  By.  F.  A.  Paley, 
M.A.,  LL.D. 

XENOPHON.  HELLENICA.  BOOK  II.  By 
Rev.  L.  D.  Dowdall,  M.A. 

ANABASIS.     Edited  by  Rev.  J.  F.  Macmichael. 

New  edition,  revised  by  J.  E.  Melhuish,  M.A.  In  6  vols. 
Book  I.  (with  Life,  Introduction,  Itinerary,  &c.);  Books  II. 
and  III.  2s.  ;  Book  IV.,  Book  V.,  Book  VI.,  Book  VII. 

HOMER.  ILIAD.  BOOK  I.  By  F.  A.  Paley, 
M.A.,LL.D.  is. 

VIRGIL  (abridged from  Conington's  edition).  BUCO- 
LICS :  GEORGICS,  2  parts  :  ^NEID,  9  parts. 

TERENCE.       ANDRIA— HAUTON      TIMORU- 

MENOS— PHORMIO— ADELPHOE.  By  Professor  Wag- 
ner, Ph.D. 

CICERO.  DE  SENECTUTE  —  DE  AMICITIA  — 
EPISTOL^  SELECTS.  By  G.  Long,  M.A. 

OVID.     SELECTIONS.     By  A.  J.  Macleane,  M.A. 
Others  in  preparation. 


Cambri&ge  ®rccfe  anD  Latin  Certs. 

These  Texts,  which  are  clearly  printed  at  the  Cambridge  Univer- 
sity Press,  on  good  paper,  and  bound  in  a  handy  form,  have  been 
reduced  in  price,  and  will  now  meet  the  requirements  of  masters 
who  wish  to  use  Text  and  Notes  separately. 

^SCHYLUS.     By  F.  A.  Paley,  M.A.     2s. 

CAESAR:    DE   BELLO   GALLICO.     By  G.   Long, 
M.A.     is.  6d. 

CICERO  :  DE  SENECTUTE  et  DE  AMICITIA,  et 
EPISTOL^E  SELECTS.     By  G.  Long,  M.A.     is.  6d. 
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CICERONIS  ORATIONES.     Vol.   I.   (in  Verrem.) 
By  G.  Long,  M.A.     2s.  6d. 

EURIPIDES.    By  F.  A.  Paley,  M.A.    3  vols.,  each  2s. 
Vol.  I.  Rhesus — Medea— Hippolytus — Alcestis — 


Heraclidse — Supplices — Treacles — Index. 

Vol.  II.    Ion — Helena — Andromache — Electra — 

Bacchce— Hecuba—  Index. 

Vol.  III.  Hercules  Furens— Phcenissae— Orestes— 

Iphigenia  in  Tauris — Iphigenia  in  Aulide — Cyclops — Index. 

HERODOTUS.     By  J.  G.  Blakesley,  B.D.     2  vols., 

each  2s.  6d. 

HOMERI    ILIAS.     I.-XIL     By  F.  A.  Paley,  M.A. 

is.  6d. 

HORATIUS.     By  A.  J.  Macleane,  M.A.     is.  6d. 

JUVENAL  ET   PERSIUS.     By  A.  T.  Macleane, 
M.A.     is.  6d. 

LUCRETIUS.     By  H.  A.  J.  Munro,  M.A.     2s. 
SALLUSTI    CRISPI    CATILINA     ET    JU- 

GURTHA.     By  G.  Long,  M.A.     u.  6d. 
SOPHOCLES.     By  F.  A.  Paley,  M.A.     2s.  6d. 
TERENTI    COMGEDI^E.     By  W.  Wagner,  Ph.D. 

2S. 

THUCYDIDES.    By  J.  G.  Donaldson,  D.D.    2  vols., 

each  2s. 
VERGILIUS.     By  J.  Conington,  M.A.     2s. 

XENOPHONTIS    EXPEDITIO     CYRI.      By 

J.  F.  Macmichael,  B.A.     u.  6d. 

NOVUM     TESTAMENTUM     GREECE.     By 

F.  H.  Scrivener,  M.A.     4^.  6d.     An  edition  with  wide  margin 
for  notes,  half  bound,  I2s. 
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annotateD  attritions. 

CICERO'S  MINOR  WORKS.     De  Officiis,  &c.  &c. 

With  English  Notes,  by  W.    C.  Tylor,  LL.D.     I2mo.   cloth, 
3J.  6d. 

VIRGIL'S  ^NEID.  With  English  Notes,  by 
C.  Anthon,  LL.D.  Adapted  for  use  in  English  Schools  by  the 
Rev.  F.  Metcalfe,  M.A.  New  Edition.  i2mo.7J.6aT. 


®teefe  Class  TBoofes 

BEATSON'S  PROGRESSIVE  EXERCISES  ON 
THE  COMPOSITION  OF  GREEK  IAMBIC  VERSE. 
I2mo.  cloth,  3-r. 

DAWSON'S   GREEK-ENGLISH    LEXICON    TO 

THE  NEW  TESTAMENT.  New  Edition,  by  Dr.  Tylor. 
8vo.  cloth,  9-r. 

NOVUM  TESTAMENTUM  GR^BCE.     Textus 

Stephanie!,  1550.  Accedunt  varise  Lectiones  editionum  Bezse, 
Elzeviri,  Lachmanni,  Tischendorfii,  Tregellesii,  curante 
F.  H.  Scrivener,  M.A.  ^s.  6d.  An  Edition  with  wide  margin 
for  MS.  Notes,  4to.  half-bound  morocco,  I2s. 

Textus  Stephanici,  A.D.   1550,  Cum  variis  Lec- 

tionibus  Editionum  Bezae,   Elzeviri,   Lachmanni,  Tischendorfii, 
Tregellesii,   Westcott-Hortii,  Versionis  Anglicanse   Emendato- 
rum,  Curante   F.   H.   A.   Scrivener,    A.M.,  D.C.L.,    LL.D., 
Accedunt  Parallela  S.  Scripturoe  Loca.     Small  post  8vo.  cloth, 
pp.  xvi.^pS,  7-r.  6d. 

EDITIO  MAJOR  containing,  in  addition  to  the  matter  in  the 
other  Edition,  the  Capitula  (majora  et  minora)  atid  the  Eusebian 
Canons,  the  various  Readings  of  Westcott  and  Hort,  and  those 
adopted  by  the  Revisers  ;  also  a  revised  and  much-enlarged  series 
of  References. 

VALPY'S.      For  the  use   of  Schools.     i2mo. 

cloth,  5-r. 

Edited  by   Rev.    Macmichael.      See   Grammar 

School  Classics. 
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'  <ZEDitions  of  tbe  ©ospels  and 
tfje  acts. 

Cr<nvn  8v0.  cloth. 

THE    GOSPEL    OF     S.    MATTHEW.      The 

Greek  Text,  with  Critical,  Grammatical,  and  Explanatory 
Notes,  &c.,  by  the  late  Rev.  W.  Trollope,  M.A.,  re-edited  by 
the  Rev.  W.  H.  Rowlandson,  M.A.  $s. 

GOSPEL  OF   S.   MARK.     The  Greek  Text,  with 

Critical,  Grammatical,  and  Explanatory  Notes,  Prolegomena, 
&c.,  by  Rev.  \V.  H.  Rowlandson,  M.A.  4*.  6aT. 

GOSPEL  OF  S.   LUKE.     The  Greek  Text,  with 

Critical,  Grammatical,  and  Explanatory  Notes,  &c. ,  by  the  late 
Rev.  W.  Trollope,  M.A.,  revised  and  re-edited  by  the  Rev. 
W.  H.  Rowlandson,  M.A.  5*. 

ACTS  OF  THE  APOSTLES.     The  Greek  Text, 

with  Critical,  Grammatical,  and  Explanatory  Notes,  and  Exami- 
nation Questions,  by  Rev.  W.  Trollope,  M.A.,  re-edited  and 
revised  by  the  Rev.  G.  F.  Browne,  M.  A.  $s. 


Latin  Class  IBooks. 

BEDFORD'S    PROPRIA   QU^E   MARIBUS;     or, 

Short  Rules  for  the  Genders  of  Latin  Nouns,  and  a  Latin 
Prosody.  I2mo.  is. 

BOSSUT'S  LATIN  WORD  BOOK;  or,  First   Step 
to  the  Latin  Language.      i8mo.  is. 

LATIN   PHRASE   BOOK.     i8mo.  is. 

FLORILEGIUM   POETICUM.     A  Selection  of 

Elegiac  Extracts  from  Ovid  and  Tibullus.  New  edition,  greatly 
enlarged  with  English  Notes.  By  the  late  Rev.  P.  Frost,  M.A. 
Fcap.  8vo.  2s. 

GRADUS  AD  PARNASSUM  ;  sive  novus  sinony- 

morum,  epithetorum,  versuum,  ac  phrasium  poeticarum, 
thesaurus.  New  edition.  By  G.  Pyper.  I2mo.  cloth,  7^. 

BY  VALPY.      Whittaker's   Improved   edition. 

Latin  and  English.     New  edition.     Royal  I2mo.  7*.  6d. 
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STODDARTS  NEW  DELECTUS ;  or,  Easy  Steps 
to  Latin  Construing.  For  the  use  of  Pupils  commencing  the 
Language.  Adapted  to  the  best  Latin  Grammars,  with  a 
Dictionary  attached.  New  edition.  I2mo.  4^. 

PENROSE'S  (REV.  JOHN)  Easy  Exercises  in 
Latin  Elegiac  Verse.  New  edition.  I2mo.  cloth,  2s. 

Key  to  ditto,  for  Tutors  only,  $s.  6d. 


atlases. 

LONG'S  ATLAS  OF  CLASSICAL  GEOGRAPHY. 

Containing  Twenty-four  Maps.  Constructed  by  William 
Hughes,  F.R.G.S.,  and  Edited  by  George  Long,  M.  A.  New 
edition,  with  Coloured  Outlines,  and  an  Index  of  Places. 
Royal  8vo.  6s. 

LONG'S  GRAMMAR  SCHOOL  ATLAS  OF  CLAS- 
SICAL GEOGRAPHY.  Containing  Ten  Maps,  selected  from 
the  larger  Atlas.  Constructed  by  W.  Hughes,  F.  R.G.S.,  and 
edited  by  George  Long,  M.A.  New  edition,  with  Coloured 
Outlines.  Royal  8vo.  3-y. 


Language  anD  Miscellaneous. 

ALLEN      AND       CORNWELL'S      SCHOOL 

GRAMMAR.     Cloth,  is   gd. 
GRAMMAR  FOR  BEGINNERS.     Cloth,  is. 

BELL'S  MODERN  READER  AND  SPEAKER.    A 

Selection  of  Poetry  and  Prose,  from  the  Writings  of  Eminent 
Authors.     I2mo.  3^.  6d. 

DUNCAN'S  ENGLISH  EXPOSITOR ;  or,  Explana- 
tory Spelling-book.  Containing  an  Alphabetical  Collection  of 
all  the  most  useful,  proper,  and  elegant  words  in  the  English 
language,  divided  into  Syllables,  and  properly  accented.  Neiu 
edition.  I2mo.  is.  6d. 

LATHAM'S  (R.  G.)  DICTIONARY  OF  THE 
ENGLISH  LANGUAGE.  Abridged  and  condensed  into  one 
volume  8vo.  cloth,  I4*-. 
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MACKAY  (C.)  A  DICTIONARY  OF  LOWLAND 
SCOTCH.  By  Charles  Mackay,  LL.D.  With  an  Introduc- 
tory Chapter  on  the  Poetry,  Humour,  and  Literary  History  of 
the  Scottish  Language,  and  an  Appendix  of  Scottish  Proverbs. 
Large  post  8vo.  cloth,  ?s.  6d.  half  bound,  8s.  6d. 

SELECTED  POEMS  AND  SONGS  OF 

CHARLES  MACKAY,  LL.D.  With  a  Commendatory  and 
Critical  Introduction  by  Eminent  Writers.  Wide  foolscap  8vo. 
half  cloth  boards,  is.  6d.  Sewed,  is. 

WEBSTER'S  DICTIONARY  OF  THE  ENGLISH 

LANGUAGE.  Including  Scientific,  Technical,  and  Biblical 
Words  and  Terms.  New  edition,  with  Supplement  of  over 
4,600  New  Words  and  Meanings.  4to.  cloth,  I/,  is.  ;  half-calf, 
I/  ioj.  With  Appendices,  £i  us.  6d.  ;  half-calf,  2/. 


SHAKESPEARE'S  PLAYS,  with  Text  and  Intro- 
duction in  English  and  German.  Edited  by  C.  Sachs,  Prof. 
Ph  D.  8vo.  cloth,  each  Play  or  Number,  lod. 

Now  Ready  : 
Julius  Caesar.  [    10.   King  Richard  II. 


2    Romeo  and  Juliet. 

3.  King  Henry  VIII. 

4.  King  Lear. 
5    Othello 

6.   Hamlet. 

7    A  Midsummer  Night's 
Dream. 

8.  Macbeth. 

9.  King  John. 


11.  King  Henry  IV.     I. 

12.  „          „  II. 

13.  King  Henry  V. 

14.  King  Richard  III. 

15.  Cymbeline. 

1 6.  Coriolanus. 

17.  Antony  and  Cleopatra. 

1 8.  Merchant  of  Venice. 

19.  Much  Ado  about  Nothing. 


Others  to  follow. 

"  This  edition  will  be  quite  a  godsend  to  grown-up  students  of  either 
language,  for  the  ordinary  class  reading  books  are  too  childish  to  arrest 
their  attention.  The  parallel  paging  saves  the  labour  of  using  a  dictionary, 
and  the  series  is  so  low  in  price  as  to  place  it  within  the  reach  of  all." 

Saturday  Review. 

SHAKESPEARE   REPRINTS,      i.      King    Lear. 

Parallel  Texts  of  Quarto  I   and  Folio  I.     Edited  by  Dr.  W. 
Vietor,  of  Marburg.     Square  l6mo.  cloth,  $s.  6d. 

The  texts  of  the  first  quarto  and  folio,  with  collations  from  the 
later  qiiartos  and  folios,  are  here  printed  in  a  compact  and  con- 
venient volume,  intended  as  a  class-book  in  the  University. 
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OEtmcarional 

SEIDEL  (ROBT.)  INDUSTRIAL  EDUCATION; : 

A  Pedagogic  and  Social  Necessity.     Crown  8vo.  q.s. 

WOODWARD  (C.M.)  THE  MANUAL  TRAIN- 
ING SCHOOL,  ITS  AIMS,  METHODS,  AND  RESULTS. 
With  Figured  Drawings  of  Shop  Exercises  in  Woods  and  Metals. 
8vo.  los. 

BIBLIOGRAPHY   OF    EDUCATION.     Hints 

toward  a  Select  and  Descriptive  Bibliography  of  Education. 
Arranged  by  Topics,  and  Indexed  by  Authors.  By  G.  Stanley 
Hall,  Professor,  John  Hopkins  University,  and  John  M. 
Mansfield.  Post  8vo.  cloth,  pp.  xvi.-3O9,  Js.  6d. 

CHEPMELL'S  (REV.  DR.)  SHORT  COURSE 
OF  GRECIAN,  ROMAN,  AND  ENGLISH  HISTORY. 

New  edition.      I2mo.  $s.     Questions  on,  I2mo.  is. 

COLTON  (B.  P.)     ELEMENTARY  COURSE  OF 

PRACTICAL  ZOOLOGY.  By  B.  P.  Colton,  A. M. ,  Instructor 
in  Biology,  Ottawa  High  School.  Crown  8vo.  cloth,  pp.  xiv.- 
182,  4j.  6d. 

CORNWELL'S  SCHOOL  GEOGRAPHY.     35.  6d. 

With  Thirty  Maps  on  Steel,  5*.  6d. 

GEOGRAPHY     FOR     BEGINNERS.        u. 

With  Questions,  is.  ^d. 

DURHAM  UNIVERSITY  CALENDAR,  with 

Almanack.     Cloth,  is.  6d.  [Published  annually. 

JOYCE  (P.  W.)  A  HANDBOOK  OF  SCHOOL 
MANAGEMENT  AND  METHODS  OF  TEACHING. 
By  P.  W.  Joyce,  LL.D.,  &c.  I  ith  edition,  revised.  Cloth,  3*.  6d. 

A   NATURE     READER.      Seaside  and  Wayside. 

By  Julia  McNair  Wright.   Cloth,  I s.  6d. 

An  elementary  Reader  for  young  children,  designed  to  instil 
a  love  of  Natural  History.  It  treats  of  crabs,  wasps,  spiders, 
bees,  and  some  univalve  molluscs. 
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PINNOCK'S    HISTORY  OF    ENGLAND.      From 

the  Invasion  of  Julius  Csesar.  With  a  Biographical  and  His- 
torical Dictionary.  Questions  for  Examination,  Genealogical 
Tables,  Progress  of  Literature  and  the  Constitution,  &c.  Illus- 
ted.  Continued  by  the  Rev-  W.  H.  Pinnock,  LL.D.  New 
edition.  I2mo  6s. 

HISTORY  OF  GREECE.     With  an  Introduc- 
tion on  the  Natural  and  Political  Geography  of  Greece,  Dic- 
tionary of  Difficult  Terms,  Questions  for  Examination,  Genea- 
logical Tables,  &c.     Illustrated.     By  Dr.  W.  C.  Taylor.     New 
edition.     I2mo.  $s.  6d. 

HISTORY  OF  ROME.      With   an    Introduc- 
tion,  the  Geography  of  the  Roman  Empire,   Notices  of  the 
Roman  Manners,  and  Illustrations,  Questions  for  Examination, 
Chronological  Index,  &c      Illustrated.     By  Dr.  W.  C.  Taylor. 
Neiv  edition.     I2mo.  $s.  6d. 

PINNOCK'S  CATECHISMS  OF  THE  ARTS, 
SCIENCES,  AND  LITERATURE  Whittaker's  Improved 
Editions.  Illustrated  with  Maps,  Plates,  and  Woodcuts,  care- 
fully re-edited.  i8mo.  price  9</.  each. 

HISTORY. — Modern — Ancient — Universal — Bible  and  Gos- 
pel—Scripture—Chronology— England— Scotland —  France — 
America — Rome — Greece — Jews. 

GEOGRAPHY.— Ancient — Modern,  Improved  Edition — 
Modern,  Original  Edition— Sacred— England  and  \Vales — Use 
of  the  Globes. 

GRAMMAR  — English — French— German —  Italian — Latin 
— Spanish — Greek  :  Part  I.  Accidence.  Part  II.  Syntax  and 
Prosody — Hebrew. 

MATHEMATICS,  &c.— Algebra  (two  Parts)— Arithmetic 
— Geometry — Navigation — Land  Surveying 

RELIGION.— Religion— Natural  Theology— Scripture  His- 
tory— Bible  and  Gospel  History. 

FINE  ARTS,  &c.— Architecture— Drawing— Perspective- 
Music — Singing. 

LITERATURE.—  Mythology—  Rhetoric—  Logic—  British 
Biography — Classical  Biography. 

MISCELLANEOUS.— First  Catechism— General  Know- 
ledge— Intellectual  Philosophy — Agriculture — English  Law — 
Heraldry — Medicine — Moral  and  Social  Duties — Trade  and 
Commerce. 
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SCHLEYER'S  GRAMMAR,  with  Vocabularies  of 
Volapuk  (the  Language  of  the  World),  for  all  Speakers  of  the 
English  Language.  Second  (greatly  Revised)  Edition.  By 
W.  A.  Seret,  Certificated  Teacher  of  the  Universal  Language. 
Crown  8vo.  pp.  420,  sewed,  5.5-.  6d.  ;  cloth,  6s.  6d. 

SHUMWAY  (E.  S.)  A  DAY  IN  ANCIENT  ROME. 

With  numerous  Illustrations.     By  Edgar  S.    Shumway,   Pro- 
fessor, Rutger's  College,  New  Brunswick.    Small  4to.  cloth,  $s. 


WATTON'S  ORIGINAL  AIDS  TO  EDUCATION. 

Hand-series  of  Tablets,  in  Stiff  Covers,  3^.  each. 
Leading  Events  of  General  His-       Chief  Events  of  Russian  History. 


tory. 
Chief  Events  of  Old  Testament 

History. 
Chief  Events  of  New  Testament 

History. 
Prophecies  and  other  Scripture 

Subjects. 

Chief  Events  of  Grecian  History. 
Chief  Events  of  Roman  History. 
Chief  Events  of  Eastern  Empire. 


Eminent  Men  of  Modern  Times. 

Chief  Events  of  Church  History. 

Natural  System  of  Botany. 

The  Linnsean  System  of  Botany. 

Natural  History — Zoology. 

Natural  Philosophy. 

Principles  of  Grammatical  Analy- 
sis, with  Examples. 

Guide  to  English  Parsing,  with 

r —  Examples. 

Chief  Events  of  German  History.  Abstract  of  Heathen  Mythology. 
Chief  Events  of  English  History,  j  Word  Formation — Saxon,  La- 
Chief  English  Battles  and  Results.  ;  tin,  and  Greek  Prefixes,  with 
•Chief  Events  of  Scottish  History,  j  Examples. 
Chief  Events  of  French  History.  Chief  Grecian  and  Roman  Battles 
Chief  Events  of  Prussian  History.  and  Results. 

LARGE  TYPE  SERIES  OF  TABLETS 

(20  by  23  inches),  embracing  Historical,  Geographical,  and  other 
Subjects,  4</.  each,  for  suspension. 

WATTON'S   SKELETON   EXERCISE  BOOKS. 

For  History,  Geography,  Biography,  Analysis,  Parsing,  and 
Chronology,  with  Script  Headings  and  Specimen  Page.     Price 

regulated  by  the  thickness  of  the  books,  is.  and  2s.  each. 

Also  now  ready,  a  filled  Biographical  Exercise  Book,  2  Series,  each  is. 

Charts  systematically  arranged  with  date  words,  60  pages, 

cloth,  is.     Selected  Descriptive  Poetry,   is. 
Object  Lessons,  Nos.  I,  2,  3,  and  4,  32  pp.,  in  stiff  covers,  zd.  each. 
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ana  (Hntoersitp  analyses, 

By  the  Rev.  Dr.  Pinnock. 

AN  ANALYSIS  OF  SCRIPTURE  HIS- 
TORY ;  Intended  for  Readers  of  Old  Testament  History,  and 
the  University  Examinations ;  with  Maps,  Copious  Index,  and 
Examination  Questions.  i8mo.  cloth,  3-r.  6rf. 

AN    ANALYSIS    OF    NEW   TESTAMENT 

HISTORY;  Embracing  the  Criticism  and  Interpretation  of 
the  original  Text ;  with  Questions  for  Examination.  i8mo. 
cloth,  4s. 

AN     ANALYSIS     OF     ECCLESIASTICAL 

HISTORY;  From  the  Birth  of  Christ,  to  the  Council  of 
Nice,  A.D.  325.  With  Examination  Questions.  i8mo.  cloth, 
$s.  6d. 

ANALYSIS  OF  ENGLISH  CHURCH  HIS- 
TORY ;  comprising  the  Reformation  period,  and  subsequent 
events  ;  with  Questions  of  Examination,  especially  intended  for 
the  Universities  and  Divinity  Students  in  general.  i8mo.  cloth, 
4s.  6d. 

A  SHORT  ANALYSIS  OF  OLD  TESTA- 
MENT HISTORY.  With  Questions  for  Schools.  i8mo. 
cloth,  is.  6d. 

A  SHORT  ANALYSIS  OF  NEW  TESTA- 
MENT HISTORY.  With  Questions  for  Schools.  i8mo. 
cloth,  is.  6d. 

arithmetic  anD  £ucliD. 

PINNOCK'S  ARITHMETICAL  TABLES  OF 
MONEY,  WEIGHTS,  AND  MEASURES.  With  Questions 
for  Examination,  and  Explanatory  Notes,  &c.  i8mo.  T>d. 

FIRST    CIPHERING    BOOK.      Containing 

Easy  Exercises  in  the  First  Rules  of  Arithmetic.    4to.  sewed,  I s. 

RYAN'S  CIVIL  SERVICE  ARITHMETICAL 
EXAMINATION  PAPERS.  By  L.  J.  Ryan.  Cloth,  2s. 

Key  to  Ditto,     is.  6d. 
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SONNENSCHEIN          AND         NESBITTS 

ARITHMETIC.  The  Science  and  Art  of  Arithmetic  for  the 
use  of  Schools.  Post  8vo.  5*.  6d.  Or  separately,  Part  I. — 
Integral.  2s.  6d.  Parts  II.  and  III. — Fractional  and  Approxi- 
mate Calculations.  3*.  6d.  Answers  to  the  Exercises,  is.  6d. 
Exercises  separately.  Part  I.  is.  JParts  II.  and  III.  is.  $d. 

A  B  C  OF  ARITHMETIC.     Teacher's  Book, 

Nos.  i  and  2,  each  is.     Exercise  Book,  Nos.  I  and  2,  each  4^. 

WALKINGAME'S          TUTOR         ASSISTANT 

(ERASER'S).  Being  a  Compendium  of  Arithmetic  and  a 
Complete  Question  Book.  I2mo.  2s.  Key,  $s. 

EUCLID,  THE  FIRST  BOOK  OF.  With  an  In- 
troduction  and  Collection  of  Problems  for  the  use  of  Schools. 
By  J.  M.  Wilson,  M.A.  2nd  edition.  410.  2s. 

EUCLID,  THE  FIRST  SIX  BOOKS,  together  with 
the  ELEVENTH  and  TWELFTH.  From  the  Text  of  Dr. 
Simson.  New  edition,  revised  and  corrected  by  S.  Maynard. 
i8mo.  4-r. 


MODERN   LANGUAGES. 
JFrencf). 

BARRERE  (A.)  PROFESSOR,  R.M.A.  Woolwich. 

RECITS     MILITAIRES.       Selections    from 

modern  French  authors,  with  short   biographical  introductions 
in  French,  and  English  notes  for  the  use  of  army  students  and 
others.     Crown  8vo.     $s. 

PRECIS    OF     COMPARATIVE    FRENCH 

GRAMMAR  AND  IDIOMS,  and  Guide   to  Examinations. 
Cloth.     Second  edition,  revised^  3.?.  6d. 

JUNIOR  GRADUATED  FRENCH  COURSE 

affording  materials  for  Translation,  Grammar,  and  Conversa- 
tion. Being  an  introduction  to  the  Graduated  French  Course. 
Cloth,  is.  6d. 

ELEMENTS     OF     FRENCH     GRAMMAR 

AND    FIRST    STEPS     IN     IDIOMS.       With    numerous 
Exercises   and   a   Vocabulary,   being  an   Introduction   to   the 
Precis  of  Comparative  French  Grammar.   Crown  8vo.  cloth,  2s. 
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BELLENGER'S  MODERN  FRENCH  CONVER- 
SATION. Containing  Elementary  Phrases  and  New  Easy 
Dialogues,  in  French  and  English,  on  the  most  familiar  sub- 
jects. I2mo.  2s.  6d. 

BOSSUT'S    FRENCH    WORD    BOOK.    i8mo.  is. 

FRENCH   PHRASE    BOOK.     i8mo.  is. 

BOWER.     PUBLIC    EXAMINATION    FRENCH 

READER.  With  a  Vocabulary  to  every  extract,  suitable  for 
all  Students  who  are  preparing  for  a  French  Examination.  By 
A.  M.  Bower,  F.R.G.S.,  late  Master  in  University  College 
School,  &c.  Cloth,  y.  6d. 

"The  book  is  a  very  practical  and  useful  one,  and  it  must  prove  very  handy 
for  students  who  are  preparing  for  a  French  examination,  the  persons  for  whose 
special  aid  it  has  been  specially  provided.  It  would  also  serve  admirably  for  use 
in  schools  as  a  class  book."-  Schoolmaster. 

DELILLE'S     FRENCH     GRAMMAR.      In    Two 

Parts.  I. — Accidence.  II. — Syntax,  written  in  French,  with 
Exercises  conducive  to  the  speaking  of  the  French  Language, 
&c.  I2mo.  5-f.  6d.  Key,  $s. 

EASY    FRENCH    POETRY    FOR    BEGIN- 
NERS ;  or,  Short  Selections  in  Verse  on  a  Graduated  Plan  for 
the  Memory.     With  English  Notes.     I2mo.  2s. 

DELILLE'S  MODELES  DE  POESIE  FRANCAIS. 

With  Treatise  on  French  Versification.  New  edition.  I2mo. 
6s. 

REPERTOIRE  DES  PROSATEURS  FRAN- 
CAIS.     With    Biographical    Sketches,    &c.      New    edition. 
I2mo.  6s.  6d. 

MANUEL  ETYMOLOGIQUE ;   or,  an  Inter- 

pretative  Index  of  the  most  recurrent  Words  in  the  French 
Language,     izmo.  2s.  6d. 

BEGINNER'S   OWN   FRENCH   BOOK. 

Being  a  Practical  and  Easy  Method  of  Learning  the  Elements 
of  the  French  Language.  I2mo.  cloth,  2s.  Key,  2s, 

DES    CARRIERES'    FRENCH    IDIOMATICAL 

PHRASES    AND    FAMILIAR    DIALOGUES.      Square, 
*.  6d. 
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DES  CARRIERES'  HISTOIRE  DE  FRANCE, 
DEPUIS  L'ETABLISSEMENT  DE  LA  MONARCHIE. 
Continuee  jusqu'au  retablissement  de  1'Empire  sous  Napoleon 
III.,  par  C.  J.  Delille.  I2mo.  Is. 

DUVERGER'S  COMPARISON  BETWEEN  THE 
IDIOMS,  GENIUS,  AND  PHRASEOLOGY  OF  THE 
FRENCH  AND  ENGLISH  LANGUAGES.  New  edition. 
I2mo.  4-r.  6d. 

GASC  (F.  E.  A.)  AN  IMPROVED  MODERN 
POCKET  DICTIONARY  OF  THE  FRENCH  AND 
ENGLISH  LANGUAGES.  New  edition.  i6mo.  cloth, 
2s.  6d.  Also  in  2  vols.  in  neat  leatherette,  5-r. 

-  MODERN  FRENCH-ENGLISH  AND  ENG- 
LISH-FRENCH   DICTIONARY.      New   edition,   revised. 
In  i  vol.  8vo.  IDS.  6d. 

HAMEL'S  NEW  UNIVERSAL  FRENCH  GRAM- 
MAR. New  Edition.  I2mo.  $s. 

-  GRAMMATICAL  EXERCISES  UPON  THE 


FRENCH  LANGUAGE.    New  edition.    I2mo.  4*.    Key,  3*. 

-  FRENCH  GRAMMAR   AND  EXERCISES. 

New  edition.     I2mo.  $s.  6d.     Key,  4^. 

LEVIZAC'S  DICTIONARY  OF  THE  FRENCH 
AND  ENGLISH  LANGUAGES.  New  edition,  by  N.  Lam- 
bert. I2mo.  6s.  6d. 

NUGENTS   POCKET   DICTIONARY   OF  THE 

FRENCH  AND  ENGLISH  LANGUAGES.    New  edition, 
revised  by  J.  C.  J.  Tarver.     Pearl  edition,  45.  6d. 

OLLENDORFS  (Dr.  H.  G.)  NEW  METHOD 
OF  LEARNING  TO  READ,  WRITE,  AND  SPEAK 
A  LANGUAGE  IN  SIX  MONTHS.  Adapted  to  the 
French.  New  edition.  I2mo.  6s.  6d.  Key,  8vo.  7^. 

PRACTICAL  COMMERCIAL  CORRESPON- 

DENCE.   See  Miscellaneous. 
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's  jfrencf)  Series. 

For  the  use  of  Schools  and  Private  Students.  Edited  by 
A.  Barrere,  Prof.  R.M.A.  Woolwich,  &c.,  and  others.  Each 
number  with  a  literary  Introduction  and  Arguments  in  English, 
foot-notes  explaining  the  more  difficult  passages,  and  translations 
of  the  idiomatic  expressions  into  the  corresponding  English  idioms. 
Fcap.  8vo,  each  number,  sewed,  6d.  ;  cloth,  gaf. 

Now  Ready : — 

1.  SCRIBE.     LE  VERRE  D'EALJ.     Barrere. 

2.  MOLIERE.     LE  BOURGEOIS  GENTILHOMME.     Case. 

3.  MOLIERE.     L'AVARE.     Case. 

4.  SOUVESTRE.     SOUS  LA  TONNELLE.     Desages. 

5.  MOLIERE.     LE  MISANTHROPE.     Gasc. 

6.  GALLAND.     ALI   BABA.     Clare. 

7.  CORNEILLE.     LE  CID.     Gasc. 

8.  9.  LAMARTINE.     JEANNE   D'ARC.     Barrere. 
10,  ii.  PIRON.     LA   METROMANIE.     Delbos. 

Others  to  follow. 


's  jFrencf)  Classics,  tottf) 
5I2otes. 


Fcap.  Svv.  cloth. 
AVENTURES  DE  TELEMAQUE.     Par  Fene- 

lon.    New  edition.    Edited  and  revised  by  C  J.  Delille.    2s.  6d. 

HISTOIRE  DE  CHARLES  XII.     Par  Voltaire. 
New  edition.     Edited  and  revised  by  L.  Direy.     is.  6d. 

PICCIOLA.    Par  X.  B.  Saintine.    New  edition.   Edited 
and  revised  by  Dr.  Dubuc.      is.  6d. 

SELECT  FABLES  OF  LA  FONTAINE.  New 

edition.     Edited  by  F.  Gasc,  M.A.     is.  6d. 
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Series  of  agoflern 
authors. 

WITH  INTRODUCTION  AND   NOTES. 
For  Beginners. 

LA  BELLE  NIVERNAISE.  Histoire  d'un  vieux 
bateau  et  de  son  equipage.  By  Alphonse  Daudet.  With  6 
illustrations.  Edited  by  James  Boielle,  Senior  French  Master 
at  Dulwich  College.  2s.  6d.  [Ready. 

For  Advanced  Students. 

BUG    JARGAL.       By   Victor   Hugo.       Edited   by 

James  Boielle,  Senior  French  Master  at  Dulwich  College.     3^. 

Others  to  folloiv.  [Ready. 


©erman. 

FLUGEL'S  COMPLETE  DICTIONARY  OF  THE 

GERMAN  AND  ENGLISH  LANGUAGES.  Comprising 
the  German  and  English,  and  English  and  German.  Adapted 
to  the  English  Student,  with  great  Additions  and  Improvements. 
By  C.  A.  Feiling,  A.  Heimann,  and  J.  Oxenford.  New  edition. 
2  vols.  8vo.  I/,  is. 

ABRIDGED     GERMAN    AND    ENGLISH, 

AND  ENGLISH  AND  GERMAN  DICTIONARY. 
Carefully  compiled  from  the  larger  Dictionary.  By  C.  A.  Feil- 
ing and  J.  Oxenford.  New  edition.  Royal  i8mo.  6s. 

GRENFELL'S  ELEMENTARY  GERMAN  EX- 
ERCISES. Part  I.  Adapted  to  the  Rugby  School  German 
Accidence.  I2mo.  is.  6d. 


OLLENDORFF'S  (Dr.  H.  S.).  NEW  METHOD 
OF  LEARNING  TO  READ,  WRITE,  AND  SPEAK  A 
LANGUAGE  IN  SIX  MONTHS.  Adapted  to  the  German. 
New  edition.  Crown  8vo.  7-r.  Key,  8vo.  *js. 


Classical  and  Educational  Works.  23 

SHELDON  (E.S.)  A  SHORT  GERMAN  GRAM- 
MAR FOR  HIGH  SCHOOLS  AND  COLLEGES.  Crown 
8vo.  3J. 

WHITTAKER'S    COURSE    OF     MODERN 

GERMAN.  By  F.  Lange,  Ph.D.,  Professor,  R.M.A.  Wool- 
wich, Examiner  in  German  to  the  College  of  Preceptors,  London ; 
Examiner  in  German  at  the  Victoria  University,  Manchester, 
and  J.  F.  Davis,  M.A.,  D.Lit.  Extra  fcap.  8vo.  cloth. 

A  CONCISE  GERMAN  GRAMMAR.  With  especial  refe- 
rence to  Phonology,  Comparative  Philology,  English  and  Ger- 
man Correspondences,  and  Idioms.  By  Frz.  Lange,  Ph.D., 
Professor  at  the  Royal  Military  Academy,  Woolwich.  In  three 
Parts.  Part  I.,  Elementary,  2s.  Part  II.,  Intermediate,  2s. 
Part  III.  complete. 

ELEMENTARY  GERMAN  READER.  A  Graduated  Col- 
lection of  Readings  in  Prose  and  Poetry.  With  English  Notes 
and  a  Vocabulary.  By  F.  Lange,  Ph.D.  is.  6d. 

ADVANCED  GERMAN  READER.  A  Graduated  Collection 
of  Readings  in  Prose  and  Poetry.  With  English  Notes  and  a 
Vocabulary.  By  F.  Lange,  Ph.D.  and  J.  F.  Davis,  M.A., 
D.Lit.  [Nearly  ready. 

PROGRESSIVE  GERMAN  EXAMINATION 
COURSE.  In  Three  Parts.  By  F.  Lange,  Ph.D.,  Prof. 
R.M.A.,  Woolwich,  Examiner  in  German  to  the  College  of 
Preceptors. 

Comprising  the  Elements  of  German  Grammar,  an  Historical 
Sketch  of  the  Teutonic  Languages,  English  and  German  Corre- 
spondences, Materials  for  Translation,  Dictation,  Extempore, 
Conversation  and  complete  Vocabularies. 

1.  ELEMENTARY  COURSE.     Cloth,  2<-. 

2.  INTERMEDIATE  COURSE.     Cloth,  2s. 

3.  ADVANCED  COURSE.  Second  revised  edition.  Cloth, 
is.  6d. 

"We  cordially  commend  it  as  a  useful  help  to  examiners,  who  will  find  it  well 
adapted  to  their  needs." — Practical  Teacher. 


24  Whittaker  and  Go's  List  of 


German  Classics,  toitft  (ZEngltsb  Jl3ote0. 

Fcap.  8iv.  cloth. 

GERMAN  BALLADS.  From  Uhland,  Goethe, 
and  Schiller.  With  Introductions  to  each  Poem,  copious 
Explanatory  Notes,  and  Biographical  Notices.  By  C.  Bielefeld. 
is.  6d. 

GOETHE'S     HERMANN      AND     DOROTHEA. 

With  Short  Introduction,   Argument,  and  Notes  Critical  and 
Explanatory. .   By  Ernest  Bell  and  E.  Wolfel.     is.  6d. 

SCHILLER'S  MAID  OF  ORLEANS.  With  Intro- 
duction and  Notes.  By  Dr.  Wagner,  is.  6d. 

MARIA  STUART.      With    Introduction  and 

Notes.     By  V.  Kastner,  M.A.     is.  6d. 

WALLENSTEIN.        Complete     Text.       New 

edition.      With    Notes,    Arguments,    and    an    Historical   and 
Critical  Introduction.     By  C.  A.  Buchheim,  Professor,  Ph.D., 
5J.     Or  separately— Part  L— THE  LAGER  AND  DIE  PIC- 
COLOMINI.     2s.  6d.     Part  II.—  WALLENSTEIN'S  TOD. 

23.  6J. 


cKHbittafter's  Series  of  ajjoDern  German 


With  Introduction  and  Notes.    Edited  by  F.  Lange,  Ph.D., 
Professor,  Royal  Military  Academy,  Woolwich. 

The  attention  of  the  heads  of  Colleges  and  Schools  is  respectfully 
directed  to  this  new  Series  of  "MODERN  GERMAN  AUTHORS" 
which  is  intended  to  supply  the  much-felt  want  of  suitable  Reading 
Books  for  English  Students  of  German  who  have  passed  through 
the  preliminary  stages  of  fables  and  anecdotes. 

To  those  who  wish  to  extend  their  linguistic  and  grammatical 
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knowledge,  these  volumes  will  afford,  in  one  respect,  a  great 
advantage  over  those  of  an  earlier  period,  presenting,  as  they  do, 
the  compositions  of  the  best  living,  or  only  recently  deceased 
authors.  The  Notes,  besides  etymological  and  other  explanations, 
will  contain  many  useful  idiomatic  expressions  suggested  by  the  text, 
and  worth  committing  to  memory. 

FIRST  SERIES. 

FOR  BEGINNERS.  Edited,  with  a  Grammatical  Introduction, 
Notes,  and  a  Vocabulary,  by  F.  Lange,  Ph.  D. ,  Professor,  R.  M.  A. 
Woolwich,  Examiner  in  German  to  the  College  of  Preceptors, 
and  H.  Hager,  Ph.D.,  Examiner  in  German  to  the  London 
University. 

KEY'S   FABELN  FUR  KINDER.     Illustrated  by  O.  Speckter. 

Edited,  with  an  Introduction,  Grammatical  Summary,  Words, 

and  a  complete  Vocabulary.     By  F.  Lange,  Ph.D.,  Professor. 

is.  6d. 
THE  SAME,  with  a  Phonetic  Introduction,  Phonetic  Transcription  of 

the  Text.     By  F.  Lange,  Professor,  Ph.D.     2s. 


SECOND  SERIES. 

FOR  INTERMEDIATE  STUDENTS.  Edited,  with  a  Biogra- 
phical Introduction,  Notes,  and  a  complete  vocabulary,  by  F. 
Lange,  Ph.D.,  Professor,  and  H.  Hager,  Ph.D. 

DOKTOR  WESPE.  Lustspiel  in  fiinf  Aufziigen  von  JULIUS 
RODERICK  BENEDIX.  Edited  by  F.  Lange,  Ph.D., 
Professor.  2s.  6d. 

SCHILLER'S  JUGENDJAHRE.  Erzahlung  von  FRZ.  HOFF- 
MANN. Edited  by  H.  Hager,  Ph.D.,  Professor.  [Inthe  press. 


THIRD  SERIES. 

FOR  ADVANCED  STUDENTS.  Edited,  with  a  Literary  In- 
troduction and  Notes,  by  F.  Lange,  Ph.D.,  Professor,  R.M.A. 
Woolwich,  in  co-operation  with  F.  Storr,  B.A.  ;  A.  A.  Mac- 
donell,  M.A.  ;  H.  Hager,  Ph.D.  ;  C.  Neuhaus,  Ph.D.  and 
others. 

MEISTER  MARTIN,  der  Kiifner.  Erzahlung  von  E.  T.  A.  Hoff- 
man. Edited  by  F.  Lange,  Ph.D.,  Professor,  Royal  Military 
Academy,  Woolwich,  is.  6d. 


UNIVERSITY 
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HANS  LANGE.  Schauspiel  von  Paul  Heyse.  Edited  by  A.  A. 
Macclonell,  M.A.,  Ph.D.,  Taylorian  Teacher,  University, 
Oxford.  2s. 

AUF  WACHE.  Novelle  von  Berthold  Auerbach.  DER  GEFRO- 
RENE  KUSS.  Novelle  von  Otto  Roquette.  Edited  by 
A.  A.  Macdonell,  M.A.  2s. 

DER  BIBLIOTHEKAR.  Lustspiel  von  G.  von  Moser.  Edited 
by  F.  Lange,  Ph.D.  Second  revised  Edition.  2s. 

EINE  FRAGE.  Idyll  von  George  Ebers.  Edited  by  F.  Storr, 
B.A.,  Chief  Master  of  Modern  Subjects  in  Merchant  Taylor's 
School.  2s. 

DIE  JOURNALISTEN.    Lustspiel  von  Gustav  Freytag.     Edited 
•    by  Professor  F.  Lange,  Ph.D.    Second  revised  Edition.    2s.6d. 

ZOPF  UND  SCHWERT.  Lustspiel  von  Karl  Gutzkow.  Edited 
by  Professor  F.  Lange,  Ph.D.  2s.  6d. 

GERMAN  EPIC  TALES  IN  PROSE.  I.  Die  Nibelungen, 
von  A.  F.  C.  Vilmar. — II.  Walther  und  Hildegund,  von  Albert 
Richter.  Edited  by  Karl  Neuhaus,  Ph.D.,  the  International 
College,  Isleworth.  2s.  6d. 


3ltaimn, 


BARETTFS  DICTIONARY  OF  THE  ENGLISH 
AND  ITALIAN  LANGUAGES.  To  which  is  prefixed  an 
Italian  and  English  Grammar.  New  Edition,  entirely  re- 
written. By  G.  Comelati  and  J.  Davenport.  2  vols.  8vo. 
I/,  u. 

GRAGLIA'S  NEW  POCKET  DICTIONARY  OF 
THE  ITALIAN  AND  ENGLISH  LANGUAGES.  With 
considerable  Additions,  and  a  Compendious  Elementary  Italian 
Grammar.  i8mo.  qs.  6d. 

OLLENDORFF'S  (DR.  H.  G.)  NEW  METHOD 
OF  LEARNING  TO  READ,  WRITE,  AND  SPEAK  A 
LANGUAGE  IN  SIX  MONTHS.  Adapted  to  the  Italian. 
New  Edition.  Crown  8vo.  'js.  Key,  8vo.  Js. 

SOAVE'S    NOVELLE    MORALI.      New    Edition. 

I2mo.  4s. 
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VENERONI'S    COMPLETE    ITALIAN    GRAM- 
MAR.    By  P.  Rosteri.     I2mo.  6s. 

VERGANI  AND  PIRANESI'S  ITALIAN  AND 

ENGLISH  GRAMMAR.  With  Exercises,  &c.  By  J. 
Guichet.  New  edition,  by  Signer  A.  Tommasi.  I2mo.  $s. 
Key,  3-r. 


IRuostan, 

DOLBESHOFF  (E.)  A  DICTIONARY  OF  THE 

RUSSIAN  AND  ENGLISH  LANGUAGES.  In  two 
volumes.  Vol.  I.  Russian-English.  Vol.  II.  English-Russian. 
Compiled  by  E.  Dolbeshoff  in  co-operation  with  C.  E.  Turner, 
Professor  of  English  Language  and  Literature  at  the  University, 
St.  Petersburg.  [Preparing. 


NEUMAN  AND  BARETTI'S  SPANISH  AND 

ENGLISH,  AND  ENGLISH  AND  SPANISH  DIC- 
TIONARY. Revised  and  enlarged  by  M.  Seoane,  M.D. 
2  vols.  8vo.  i/.  8s. 

POCKET  DICTIONARY.  Spanish  and  Eng- 
lish, and  English  and  Spanish.  Compiled  from  the  larger 
work.  i8mo.  $s. 

OLLENDORFF'S  (DR.  H.  G.)  NEW  METHOD 
OF  LEARNING  TO  READ,  WRITE,  AND  SPEAK  A 
LANGUAGE  IN  SIX  MONTHS.  Adapted  to  the  Spanish. 
New  edition.  8vo.  I2s.  Key,  8vo.  "js. 

PONCE  DE  LEON'S  ENGLISH  -  SPANISH 
TECHNOLOGICAL  DICTIONARY.  8vo.  I/.  i6s.  See 
page  31. 
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Ipractical  mercantile  Correspondence, 

A  Collection  of  Commercial  Letters  and  Forms,  with  Notes, 
Explanatory  and  Grammatical,  and  a  Vocabulary  of  Commercial 
Terms,  edited  by  L.  Simon,  Chr.  Vogel,  Ph.D.,  H.  P.  Skelton, 
W.  C.  Wrankmore,  Leland  Mason,  and  others.  Intended  as  Class 
Books  for  Schools  and  for  Self-Instruction. 

Now  Ready,  crown  8vo,  cloth : 
ENGLISH,  with  German  Notes,  3-r. 
GERMAN,  with  English  Notes,  3*. 
ENGLISH,  with  French  Notes,  4*.  6d. 
FRENCH,  with  English  Notes,  4*.  bd. 

This  new  Collection  of  Model  Letters  and  Epistolary  Forms 
embraces  the  whole  sphere  of  Commercial  Transactions.  Each 
example  is  provided  with  such  remarks  and  explanations,  that  any 
one  with  a  fair  grammatical  knowledge  of  the  particular  language 
will  find  it  an  easy  matter  to  prepare  a  well-expressed  letter. 


Cfje  &peciatt*t'0  Series. 

A   New  Series  of  Handbooks  for  Students  and  Practical 
Engineers.     Crown  %vo.      With  many  Illustrations. 

GAS  ENGINES.  Their  Theory  and  Management. 
By  William  Macgregor.  With  7  Plates.  Crown  8vo.  pp.  245, 
Ss.  6d. 

BALLOONING :  A  Concise  Sketch  of  its  History  and 

Principles.  From  the  best  sources,  Continental  and  English. 
By  G.  May.  With  Illustrations.  Crown  8vo.  pp.  vi.-97, 
2s.  6d. 

ELECTRIC  TRANSMISSION  OF  ENERGY, 

and  its  Transformation,  Subdivision,  and  Distribution.  A 
Practical  Handbook  by  Gisbert  Kapp,  C.E.,  Associate  Member 
of  the  Institution  of  Civil  Engineers,  &c.  With  119  Illustra- 
tions. Crown  8vo.  pp.  xi. -331.  Second  Edition.  Js.  6d. 

ARC  AND  GLOW  LAMPS.  A  Practical  Hand- 
book on  Electric  Lighting.  By  Julius  Maier,  Ph.D.,  Assoc. 
Soc.  Tel.  Eng.,  &c.  With  78  Illustrations.  Crown  8vo.  pp. 
viii.-376.  7*.  6d. 
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ON   THE  CONVERSION    OF   HEAT  INTO 

WORK.  A  Practical  Handbook  on  Heat- Engines.  By 
William  Anderson,  M.  Inst.  C.E.  With  64  Illustrations. 
Pp.  viii.-254.  Second  Edition.  Cr.  8vo.  6s. 

SEWAGE  TREATMENT,  PURIFICATION 

AND  UTILIZATION  ;  A  Practical  Manual  for  the  Use  of 
Corporations,  Local  Boards,  Officers  of  Health,  Inspectors  of 
Nuisances,  Chemists,  Manufacturers,  Riparian  Owners,  Engi- 
neers and  Ratepayers.  By  J.  W.  Slater,  F.E.S.,  Editor  of 
"Journal  of  Science."  Crown  8vo.  cloth,  price  6s. 

THE   TELEPHONE.      By  W.  H.  Preece,  F.R.S., 

and  J.  Maier,  Ph.D.  With  numerous  illustrations.  Cr.  8vo. 
\2s.  6d. 

MANURES,   OR    THE    PHILOSOPHY    OF 

MANURING.  By  Dr.  A.  B.  Griffiths,  F. R.S.Ed.,  F.C.S., 
Principal  and  Lecturer  on  Chemistry  in  the  School  of  Science, 
Lincoln,  &c.,  &c.  Cr.  8vo.  Js.  6d. 

HYDRAULIC     MOTORS  :    TURBINES    AND 

PRESSURE  MOTORS.  By  George  R.  Bodmer,  Assoc. 
M.Inst.C.E.  I4s. 

ALTERNATING    CURRENTS    OF    ELEC- 
TRICITY.    By  Thomas  H.  Blakesley,  M.A.,  M.Inst.C.E. 

4-r.  6d. 

In  preparation. 

GALVANIC    BATTERIES.     By  Professor  George   Forbes, 
M.A. 

INDUCTION   COILS.    By  Professor  A.  J.    Fleming,    M.A., 

D.Sc. 

THE    DYNAMO.     By  Guy  C.  Fricker. 
Others  to  follow. 


NIPHER  (F.  E.)  THEORY  OF  MAGNETIC 
MEASUREMENTS,  WITH  AN  APPENDIX  ON  THE 
METHOD  OF  LEAST  SQUARES.  One  volume.  Crown 
8vo.  cloth,  $s. 

PLANTE  (G.)  THE  STORAGE  OF  ELECTRI- 
CAL ENERGY,  and  Researches  in  the  Effects  created  by  Cur- 
rents combining  Quantity  with  High  Tension.  Translated  from 
the  French  by  Paul  Bedford  Elwell.  With  Portrait,  and  89 
Illustrations.  8vo.  pp.  vii.-268,  cloth,  12s. 
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Small  crown  &vo.  doth.      With  many  Illustrations. 

32Jl)ittaberr!5  ILibrarp  of  arts,  Sciences, 
Manufactures  anD  3ln&ustries. 

ELECTRIC       LIGHT       INSTALLATIONS 

AND  THE  MANAGEMENT  OF  ACCUMULA- 
TORS. A  Practical  Handbook  by  Sir  David  Salomons, 
Bart.,  M.A.  5th  Edition,  Revised  and  Enlarged,  with  100  Illus- 
trations. Cloth,  sj. 

"  To  say  that  this  book  is  the  best  of  its  kind  would  be  a  poor  compliment, 
as  it  is  practically  the  only  work  on  accumulators  that  has  been  written." — 
Electrical  Review. 

ELECTRICAL      INSTRUMENT  -  MAKING 

FOR  AMATEURS.  A  Practical  Handbook.  By  S.  R. 
Bottone,  Author  of  "  The  Dynamo,"  &c.  With  60  Illustrations. 
Third  edition.  Cloth,  3-r. 

ELECTRIC  BELLS  AND  ALL  ABOUT 

THEM.  A  Practical  Book  for  Practical  Men.  By  S.  R. 
Bottone.  With  more  than  100  illustrations.  Second  edition, 
revised.  Cloth,  %s. 

PRACTICAL    IRON    FOUNDING.       By    the 

Author  of  "  Pattern  Making,"  &c.,  &c.  Illustrated  with  over 
one  hundred  engravings.  Cloth,  4-r. 

ELECTRICAL  ENGINEERING  IN  OUR 
HOMES  AND  WORKSHOPS.  A  Practical  Handbook. 
By  Sydney  F.  Walker,  M.Inst.C.E.,  M.I.E.E.  5*. 

THE  PROTECTION  OF  BUILDINGS  FROM 

LIGHTNING.  A  Treatise  on  the  Theory  of  Lightning 
Conductors  from  a  Modern  Point  of  View.  Being  the  substance  of 
two  lectures  delivered  before  the  Society  of  Arts  in  March,  1888. 
By  Oliver  J.  Lodge,  LL.D.,  D.Sc.,  F.R.S.,  Professor  of  Phy- 
sics in  University  College,  Liverpool. 

Published  with  various  amplifications  and  additions,  with  the 
approval  of  the  Society  of  Arts.  \_In preparation. 

ELECTRICAL  INFLUENCE  MACHINES: 

Containing  a  full  account  of  their  historical  development,  their 
modern  Forms,  and  their  Practical  Construction.  By  J.  Gray. 
B.Sc.  [fit  the pre*s. 
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METAL     TURNING.       By    J.     A.,     author     of 
"Practical  Ironfounding,"  &c.  [/«  the  press. 

Others  in  preparation. 


Cecfwological  Dictionaries. 

ENGLISH  AND    GERMAN. 

WERSHOVEN  (F.  J.)  TECHNOLOGICAL 
DICTIONARY  OF  THE  PHYSICAL,  MECHANICAL, 
AND  CHEMICAL  SCIENCES.  English  and  German. 
2  vols.  cloth,  5.f. 

ENGLISH—  SPANISH. 

PONCE  DE  LEON.     TECHNOLOGICAL  DIC- 

TIONARY. English-  Spanish  and  Spanish-English.  Con- 
taining Terms  employed  in  the  Applied  Sciences,  Industrial 
Arts,  Mechanics,  Fine  Arts,  Metallurgy,  Machinery,  Commerce, 
Ship-building  and  Navigation,  Civil  and  Military  Engineering, 
Agriculture,  Railway  Construction,  Electro-technics,  &c. 

Vol.  I.  —  English-Spanish.     8vo.  bound,  £1  i6s. 

Vol.  II.  —  Spanish-English.      •  \In  preparation. 

Post  %vo.  8i4.  IQS.  6d. 


HOBLYN'S    DICTIONARY   OF   TERMS   USED 
IN  MEDICINE  AND  COLLATERAL  SCIENCES,    nth 

edition.  Revised  throughout,  with  numerous  Additions.  By 
John  A  P.  Price,  B.A.,  M.D.  Oxon.,  Assistant-Surgeon  to  the 
Royal  Berkshire  Hospital. 

This  new  edition  has  undergone  complete  revision  and  emen- 
dation. Many  terms,  fallen  more  or  less  into  disuse,  have  been 
omitted  ;  and  a  considerable  amount  of  fresh  matter  has  been 
introduced,  in  order  to  meet  the  requirements  of  the  present  day. 


32  Whittaker  and  Cols  List. 

I  vol.  demy  4/0.  with  25  Double  and  40  Single  Plates,  £2  ios. 

TECHNICAL  SCHOOL  AND  COLLEGE  BUILDING. 

Being  a  Treatise  on  the  Design  and  Construction  of 

Applied  Science  and  Art  Buildings,  and 

their  sititable  Fittings  and 

Sanitation. 

WITH  A  CHAPTER  ON  TECHNICAL  EDUCATION. 

BY   EDWARD  COOKWORTHY  ROBINS,    F.S.A. 

OUTLINE  OF  CONTENTS. — Introduction — English  and  Foreign 
Technical  Education — Analysis  of  the  Second  Report  of  the  Royal 
Commissioners  on  Technical  Education — Buildings  for  Applied 
Science  and  Art  Instruction,  with  examples  of  Foreign  and  English 
Buildings—  Analysis  of  the  Fittings  necessary  for  these  Buildings — 
British  and  Foreign  Examples  of  the  Details  of  the  Fittings— Heat- 
ing and  Ventilation  generally — Heating  and  Ventilation  necessary 
for  Applied  Science  and  Instruction  Buildings — The  Planning  of 
Buildings  for  Middle  Class  Education — Sanitary  Science — Appendix. 
Full  prospectus  post  free  on  application. 

"It  will  prove  an  indispensable  work  of  reference  to  architects,  builders,  and 
managers  of  technical  schools."— Spectator. 

"  A  most  valuable  contribution  to  architectural  literature." — British  Architect. 


THE  CHEMICAL  ANALYSIS  OF  IRON. 

A  Complete  Account  of  all  the  Best  Known  Methods  for  the  Analysi 

of  Iron,  Steel,  Ores,  &c. 

By  A.  A.  BLAIR,  Chief  Chemist,  U.S.  Geological  Survey,  &c. 
Royal  8vo.     14.?. 


Second  Edition^  Revised. 
THE 

WORKING  AND  MANAGEMENT  OF  AN  ENGLISH  RAILWAY, 

BY    GEORGE    FINDLAY, 

General  Manager  of  the  London  and  North-  Western  Railway. 

WITH    NUMEROUS   ILLUSTRATIONS. 

Crown  8vo.     "js.  6d. 

CHISWICK    I'RESS  : — C.    WHITTINGHAM    AND    CO.,  TOOKS    COURT, 
CHANCERY    LANE. 
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